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invitation to asthma? 


not necessarily 


Tedral, taken at the first sign of attack, often 
forestalls severe symptoms. 


relief in minutes... Tedral brings symp- 
tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 
reduces tissue edema, provides mild sedation. 


Tedral 


for 4 full hours ... Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 


Tedral provides: 


in boxes of 24, 120 and 1000 tablets 


WARNER-CHILCOTT 


“ 
4 
* 
{7 
iff} 


A GREAT STEP FORWARD 


MYASTHENIA GRAVIS 


Mytelase chloride is a new antimyasthenic compound which, chemi- 
cally and in clinical action, is quite different from older cholinergics. 


Mytelase chloride in laboratory tests is 
“.. five to ten times more active than neo- 
stigmine in anticholinesterase effect and has 
a duration of effect which is much more 
prolonged than that of neostigmine or Mesti- 
non.”! Patients “...feel better, are stronger, 
and are closer to their normal health.” 


Some patients can replace their former 10 
to 60 tablets daily with as few as 2 tablets of 
Mytelase.! As a rule Mytelase “... has 
roughly twice the effectiveness per milligram 
of neostigmine in reducing the symptoms of 
myasthenia gravis, and approximately twice 
the duration.’ With the new drug sleep need 
not be interrupted for dosage.” 


While Mytelase chloride exerts a more power- 
ful and prolonged antimyasthenic effect, it 
has less cholinergic action on the gastro- 
intestinal tract.*4 Patients thus find it more 
pleasant as maintenance therapy. With 
Mytelase “no chronic toxic effects to the kid- 
neys, liver, or blood-forming organs were 
found...’ 


Supplied: 10 mg. and 25 mg. tablets, bottles 
of 100. 


Write for leaflet giving detailed clinical experi- 
ence, discussion of dosage, side effects and 
cautions to be observed. 


1. Westerberg, Martha R.; and Magee, K.R.: Myasthenia 
Gravis. Neurology, Oct., 1955. 2. Schwab, R.S.: 
Marshall, Clare K.; and Timberlake, William: Win 8077 in 
Treatment of Myasthenia Gravis. J.A.M.A., 168:626, June 
25, 1955. 3. Schwab, R.S.: Win 8077 in the Treatment of 60 
Myasthenia Gravis Patients. Am. Jour. Med., 19:734, Nov., 
1955. 4. Schwab, R.S.: What Is New in Myasthenia Gravis. 
Current Med. Digest, 22:35, July, 1955. 


NEW YORK 18, N. Y. 
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Insulin I-131 Metabolism in Man. Plasma-Binding, Distribution and Degradation 
Georce W. We tsu. II]. D. HENLEY. Ropertr H. WILLIAMs 
AND Ropert W. Cox 324 


The action of insulin is closely linked with its metabolic fate in the body and it is, therefore, a mat- 
ter of some importance to trace its disposition from the time of injection. This can be done con- 
veniently by labeling insulin with I-131, on the assumption that no essential alteration is thereby 
effected. The present study establishes that the plasma disappearance time of such labeled insulin 
is significantly prolonged in those subjects who have previously received insulin therapy, whether 
diabetic or non-diabetic, because of unduly firm binding to a plasma protein, perhaps in the nature 
of an antigen-antibody reaction. The biologic activity and metabolic degradation of insulin conse- 
quently are affected. This is one of the many factors determining the insulin requirement and pre- 
sumably plays a role in the development of insulin resistance. 


Humoral Insulin Antagonism Associated with Diabetic Acidosis 
James B. Fietp anp Stretren, JR. 339 


It has never been made clear why and how patients in diabetic coma tolerate doses of insulin more 
than sufficient to cause fatal hypoglycemia in the same subject when not in acidosis; a temporary 
form of insulin resistance which usually disappears within a few days after relief of the acidotic 
episode. This problem is attacked in the present study by the in vitro rat hemidiaphragm technic. 
Some of the prevailing hypotheses, that the humoral insulin inhibitor in question is related to 
acidosis per se, to increase in plasma adrenocortical steroids, to specific antibodies and the like found 
no support in the results obtained. No alternative mechanism, however, is demonstrated. 


Stable and Brittle Diabetes. . . JoHN G. ALivisatos AND E. Perry McCuLLtaGu 344 
It has long been accepted that a division of diabetic subjects to express apparent differences in 
insulin sensitivity is warranted by clinical expediency and other considerations but the criteria for 
differentiation between “stable” and “brittle” diabetic subjects are arbitrary and often unsatisfac- 
tory. The present authors propose new ways to establish old criteria and make some interesting 
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specific enzyme test for urine glucose 


NEW CONCEPT IN URINE-SUGAR TESTING 


TRADEMARK 


REAGENT STRIPS 


complete specificity ...unaffected by non- 
glucose reducing substances... differenti- 


ates glucose from other urine-sugars... 
thousands of tests reveal no substance 
-ausing a false positive. 


extreme sensitivity ...detects glucose con- 
centrations of 0.1% or less. 


utmost simplicity and convenience...@ 
CLINISTIX Reagent Strip moistened with 


urine turns blue when glucose is present. 


qualitative accuracy...vsed whenever 


AMES COMPANY, INC 


Ames Company of Canada, Ltd., Toronto 


= 


NEGATIVE 


Strip No 
turns blue 
blue color 


4 


presence or absence of glucose must be 
determined rapidly and frequently. 
CLINISTIX does not attempt to give quan- 
titative results because so many factors in 
urine influence enzyme reactions. 


economy ...CLINISTIx saves time and 
cuts costs...each strip is a complete test 
rapidly performed without reagents and 
equipment. 


available: Packets of 30 CLinistix Re- 
agent Strips in cartons of 12—No. 2830. 
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points in the process, some relating to the long controversy over completeness of control. Many 
issues of this discussion are open to debate but few, probably, would argue against the implication 
that what we call diabetes mellitus is a composite of two or more distinct metabolic disorders and 
that these differences are reflected in brittle and stable diabetic subjects. 


Observations of Human Adrenal Cortical Deficiency. With Special Reference to Re- 


Dual 


placement Therapy with Cortisone 
A. GorMAN Hits, A. ZINTEL AND Davip W. Parsons 


The authors had the unusual opportunity to study the clinical consequences and the replacement 
requirements of surgically induced adrenal cortical deficiency in forty-four patients subjected to 
total or subtotal adrenalectomy for intractable hypertension. The status of such patients may differ 
in important respects from that of Addison’s disease, and these differences throw light on adrenal 
cortical function both in the normal subject and in patients with Addison's disease. The totally 
adrenalectomized patient apparently can be maintained indefinitely by a regimen of cortisone or 
DCA or both, but is apt to manifest simultaneous indications of both hypo- and hyperfunction of 
the adrenal cortex. 


Mechanism Regulating Adrenocortical Function in Man 
GRANT W. Lippie. Leroy E. DuNcAN, Jr. AND FREDERIC C. BARTTER 


Using such stimuli as salt deprivation, exhibition of ACTH and inhibition of endogenous ACTH 
secreuon by cortisone administration, the authors demonstrate distinct mechanisms for regulation 
of the excretion of aldosterone and of hydrocortisone; aldosterone excretion being determined pre- 
dominantly by the water and electrolyte equilibrium of the body, hydrocortisone excretion by 
ACTH. These findings in normal man are supported by clinical studies in hypopituitarism, con- 
gestive failure, nephrosis and cirrhosis. The mechanisms by which electrolyte and water balance 
control aldosterone retention independently of ACTH secretion remain to be elucidated. 


Review 


The Clinical Significance of the Analysis of Serum Protein Distribution by Filter Paper 


Electrophoresis. P. Jencks, R. B. Smiry E. L. DuRRUM 


Filter paper electrophoresis has won rapid and wide acceptance as a routine and research tool for 
analysis of the serum proteins. Dr. Durrum and his colleagues, who pioneered in the technical and 
analytic phases of development of this new method, now come forward with the first broad survey 
of the results obtained over the years in a large general hospital. These results, both as to spectra of 
distribution of the serum proteins in various diseases and the clinical significance of abnormalities in 
particular fractions, conform in general with the findings and conclusions based on prior separa- 
tions by salt and ethanol fractionation or moving boundary electrophoresis. The study is not in- 
tended to shed additional light on the serum proteins in diseases of special interest in this connec- 
tion, but rather to indicate the scope and limitations of the procedure as a general method for the 
separation of the serum proteins and this it does admirably and authoritatively. 
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Cortical electroencephalogram, no drug. 


After Raudixin. E.E.G. not altered. 


comparison of the effect of 
RAUDIXIN (tranquilizer) 
and a barbiturate (sedative) 


Raudixin acts in the area of the midbrain and diencephalon and does not depress the 
cerebral cortex, as can be seen in this electroencephalogram. Consequently, the tran- 
quilizing effect of Raudixin is generally free of loss of alertness. 


After barbiturate. Typical ‘“‘spindling” effect. 


Because barbiturates and other sedatives depress the cerebral cortex, as indicaied by 
this “‘spindling,”’ the sedation is often accompanied by a reduction in mental alertness. 


SQUIBB 


UDIAIN 


SQUIBB WHOLE ROOT RAUWOLFIA SERPENTINA 


posace: Usual initial dosage is 200 mg. 
daily. Maintenance dosage may be adjusted 
within a range of 50 mg. to 500 mg. daily, de- 
pending on the response observed and the pos- 
sible appearance of side effects. Most patients 
can be adequately maintained on 100 mg. to 
200 mg. per day. Because of its sustained ac- 
tion, Raudixin may be given in single daily 
doses if desired. Note: Tranquilizing action is 
usually evident in 3 to 10 days; for a more 
rapid onset of effect, the patient may be given 
a priming dose of 200 to 300 mg. twice daily 
for the first 3 days. 


supp.y: 50 mg. and 100 mg. tablets, bottles 
of 100, 1000 and 5000. 


*ravomin’® 15 A SQUIGS TRADEMARK 
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Seminar on Diseases of the Pancreas 


Cystic Fibrosis of the Pancreas... . . . . . =. Paut A. Di SANT’AGNESE 406 


The systemic disorder which has come to be known as cystic fibrosis of the pancreas involves more 
than disease of the pancreas but is an important cause of pancreatic deficiency in children. The 
basic anomaly seems to be a genetically determined defect of mucous secretions in many organs of 
the body. This defect is most conspicuous in the pancreas, causing cystic fibrosis of that organ; the 
lungs, causing bronchial obstruction with secondary infection; the gastrointestinal tract, causing 
meconium ileus; the liver, causing cirrhosis with portal hypertension; and the sweat glands, causing 
excessive loss of sodium chloride and salt depletion. Not all these organs are uniformly involved, of 
course, and larval forms of the disease appear to be not uncommon. We have here again an exam- 
ple of how insight into pathogenesis of a disease makes possible more intelligent understanding and 
more effective treatment of the underlying disorder. 


Combined Staff Clinic 


Mechanisms of Edema Formation and Principles of Management. . . . . . 42 


Combined Staff Clinics (Columbia University College of Physicians and Surgeons)— This Confer- 
ence begins by recounting the tortuous development of concepts of edema formation, indicating 
how, as each factor in pathogenesis was discovered, it was assigned an exclusive role, in the familiar 
pattern of the story of the blind men of India and the elephant. The Starling principles, backward 
and forward failure, the role of the kidney in retention of sodium and water, the part played by 
glomerular filtration and tubular reabsorption, the action of aldosterone and the role of secondary 
aldosteronism—all are described in historic and conceptual perspective. Dr. Gilman then con- 
tributes a characteristically lucid discussion of the problems of mobilization of edema fluid and the 
modes of action of diuretic agents. Out of the conference as a whole comes clearer insight into the 
mechanisms and management of edema which should enable the physician to give to his patient 
that individualization of treatment which, as Dr. Gilman declares, is required for the most skillful 
therapy. 


Clinico-pathologic Conference 


Clinico-pathologic Conference (Washington University School of Medicine). 


Case Reports 


Multiple Pulmonary Arteriovenous Fistulas in Juvenile Cirrhosis 
RosBert RYDELL AND F. W. HorrBauER 450) 


A well studied case of unusual interest in which “juvenile” cirrhosis was associated with symptoms 
and signs suggesting the presence of pulmonary arteriovenous fistulae which, however, could not 
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Supplied in 5-cc vials, each cc 
containing 40 U.S.P. units of 
corticotropin adsorbed on zinc 


hydroxide (2.0 mg zinc/cc). 
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you can treat HAY FEVER 
and other seasonal allergies 


easily with 


ACTH provides quick relief in hay fever, 
poison ivy, poison oak, sumac, asthma, and 
other summertime allergic manifestations. 
To achieve that relief with maximal conven- 
ience and ease, use Cortrophin-Zinc. Each 
injection lasts at least 24 hours in the most 
acute cases to 48 and even 72 hours in milder 
cases, meaning fewer injections and less total 
ACTH dosage. And Cortrophin-Zinc is easy 
to use, since it is an aqueous suspension 
which requires no preheating and flows easily 
through a 24-26 gauge needle. 


*T.M.—Cortrophin 
*+Patent Pending. Available in other countries as Cortrophine-Z. 
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be established until direct injection studies were performed at necropsy. Whether this association, 
thus far apparently unique perhaps because of the elusiveness of confirmation, is merely happen- 
stance or implies something more significant cannot now be ascertained. 


Aggravation of Clinical Manifestations of Folic Acid Deficiency by Small Daily Doses 


In view of the obscurities still persisting in the clinical, hematologic and biochemical aspects of the 
relationships between vitamin By)» and folic acid deficiencies, this report deserves thoughtful read- 
ing. Dr. Harris offers evidence that in occasional mixed deficiencies vitamin B,. may accentuate 
the clinical manifestations of folic acid deficiency. That the reverse may occur is well established. 


Thrombotic Thrombocytopenic Purpura with a Positive Coombs’ Reaction 
Norton D. Ritz, Vicror W. GrRolssER AND Morris M. BANowITCH 


An interesting and well studied case of a disorder of obscure etiology which is apt to cause clinical 
confusion and therapeutic frustration. 

Successful ‘Treatment of Gonococcic Endocarditis with Erythromycin. Review of the 
Literature . . . . . Davin S. Davis anp Monroe J. ROMANsSKY 


Gonococcic endocarditis, never common, is now rare but still presents an occasional problem in 
diagnosis or differential diagnosis. The present admirable survey of the subject covers the pre- as 
well as prevailing antibiotic era. Among other illuminating points made is the statistical proof of 
overwhelming preponderance of valvular lesions on the left side of the heart, the current widely held 
impression being of principally right side involvement. A case of gonococcic endocarditis, effcc- 
tively treated with ervthromycin, is described in detail. 


Superior Vena Cava Draining into Left Atrium. Another Cause for Left Ventricular 
Hypertrophy with Cyanotic Congenital Heart Disease 

HERMAN TucHMAN, JoHN F. Brown, JoHN H. Huston, Arvin B. WEINSTEIN, 

G. Rowe AND CHARLES W. CrumMpTon 

A concise report of a case of unusual interest. Not the least interesting facet brought out is the 


direct demonstration that approximately one third of the venous return to the heart is by way 
of the superior vena cava, two-thirds by way of the inferior vena cava. 
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“Miediatric”’ will help make the “senior” years 
more pleasant and enjoyable. 


“Mediatric” is specially formulated to counteract the adverse influence of declining gonadal 
function, nutritional inadequacy and emotional instability. 


“Mediatric” contains estrogen and androgen in amounts that will effectively supplement 
reduced gonadal hormone production; nutritional supplements carefully selected to meet 
the needs of the patient; and a mild antidepressant to promote a brighter mental outlook. 


_ Available in tablets, capsules, and liquid. 


“MEDIATRIC:;’ 


Steroid-Nutritional Compound 


IN PREVENTIVE GERIATRICS 


5660 


Ayerst Laboratories * New York, N. Y. * Montreal, Canada 
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@lect the children’s choice 


liquid vitamin supplement 


stands on its record of delightful orange color, aroma, flavor 


| 
PALADAC 
support 
good nutrition WHEN ELE CTED 
ensure 
kiddie cooperation 
» PALADAC Will Provide In Each 4 ce.: 
problems 
Vitamin B: (thiamine hydrochloride) ......... dmg. 
Nicotinamide (niacinamide) ......... 20 mg 
Vitamin Be ( pyridoxine hydrochloride)... .....-. 1 mg. 
Pantothenic Acid (as the sodium salt)... ...... 5 mg. 
Vitamin Bis (crystalline) wees 5 meg 
Vitamin C (ascorbic acid) 50 mg 
Supplied in 4-ounce and 16-ounce bottles. 


$0083 


PARKE, DAVIS & COMPANY + DETROIT, MICHIGAN. ; ip): 
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prescribe 


CcCholinolytic 


to normalize secretion, tonus, motility 
relieve pain and spasm 
foster healing 
prolong remissions 


curb recurrences 
with singular freedom from bowel and bladder disturbances.’” 


PIPTAL is the only brand of N-ethyl-3-piperidyl-benzilate methobromide. There 
are 5 mg. of PIPTAL in each tablet. 

(1) Ivy, A.C.; Grossman, M. I., and Bachrach, W. H.: Peptic Ulcer, Philadelphia, The 
Blakiston Company, 1950, p. 626. (2) Steigmann, F., and Dolehide, R. A.: Am. J. 
Digest. Dis. 22:37, 1955. (3) Riese, J. A.: Am. J. Gastroenterol. 23:223, 1955. 


,PIONEERS IN PIPERIDOLS 
,Ino., Milwaukee 1,VWisconsin CoM 
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Each SUR-BEX with C 
tablet contains: 


Thiamine Mononitrate.............. 6 mg. 


Pyridoxine Hydrochloride. .......... 1 mg. 
Vitamin Bia (as cobalamin concentrate) 2 mcg. 
Calcium Pantothenote............. 10 mg. 
Ascorbic Acid..... 
Liver, Desiccated, N. F. .... 300 mg. (5 grs.) 


Brewer's Yeast, Dried...... 150mg. (2'2 grs.) 


As a dietary supplement: | or 2 tablets 
daily. 


For stress, or postoperative convales- 
cence: 2 or more tablets daily. 
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Reserpine with a safety factor 


The desirable hypotensive action of reserpine is often 
accompanied by distressing side effects. These include 
nasal congestion, hyperperistalsis, nightmares and 
mental depression. 


Renir, which provides the desired action of reser- 
pine, counterbalanced by the well-known effects of 
ephedrine, offers the optimum in hypotensive ther- 
apy. Untoward reactions are minimized, and tran- 
quilization is maintained. 


Investigators state that: ‘“‘... with reserpine and 
ephedrine, the untoward effects of each are counter- 
acted and the desirable effects of each are enhanced.””! 


NDICATIONS. In the treatment of 
mild, moderate and labile hyperten- 
sion. Also anxiety and tension stotes; 
mild to severe neurosis. 


SUGGESTED DOSAGE: For hyper- 
tension, 1 to 3 tablets daily. As a 
tranquilizer in mentally disturbed 
states, 2 to 4 tablets daily. 


SUPPLIED. Tablets containing reser- 
pine 0.25 mg., and ephedrine 8.0 
mg., in bottles of 100. 


CONTRAINDICATIONS: To be used 
with caution in patients with peptic 
ulcer, mental depression, cardiac con- 
ditions and related disorders. 


1. Feinblatt, 7.M., Feinblatt,H.M., and Ferguson, E.A.: Rauwol- 
fia-Ephedrine, A Superior Hypotensive-T ranquilizer. In press. 


Bristol, Tennessee 


THE Ss. E. MASSENGILL COMPANY 


New York + Kansas City + San Francisco 
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other things...which distin- 
guishes Vi-Penta Drops ‘Roche.’ Since 
all multivitamin solutions tend to 
lose strength in time, Vi-Penta” Drops 
are dated to assure full label potency. 
Just 0.6 ce daily provides required 
amounts of A, C, D and B vitamins 
(including Bg), and you'll find that 
both mothers and youngsters like them 
because they're easy to give and easy 
to take... Hoffmann - La Roche Inc. 
Nutley 10, N. J. 
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DIURETIC OF 
CHEMICAL 
DISTINCTION 


FOR CLINICAL 
DISTINCTION 


THIOMERIN’ 


SODIUM 
MERCAPTOMERIN SODIUM 


“Sterile mercaptomerin sodium [THIOMERIN 
sodium] is an effective mercurial diuretic that 
produces much less local irritation on 
injection than other organomercurial 
compounds used for this purpose.” 


Combining smooth action with high effec- 
tiveness, THIOMERIN adds the striking bene- 
fit of minimal toxicity, both local and 
systemic.!” 


Unlike all other mercurial diuretics, 
THIOMERIN is a thionated compound. Its dis- 
tinctive formulation substitutes sodium thio- 
glycollate for theophylline, and it is this 
feature that gives it its singular advantages 
as a diuretic of choice. 


1. New and Nonofficial Remedies. J.B. y 
Lippincott Co., Philadelphia, 1956, Nf) 
p. 328. 2. Osol, A., and Farrar, G.E., YL 


Jr.: The Dispensatory of the United & 
States of America. J.B. Lippincott Co., Philadelphia 1, Pa. 
Philadelphia, 1956, pp. 808-809. 
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optimum nutrition...while the lady waits 
NATABEC KAPSEALS 


vitamin-mineral combination 


Since optimum nutrition is important to the 
well-being of women in pregnancy and during 
lactation, dietary supplementation is fre- 
quently indicated. By providing essential vita- 
mins, the intrinsic factor, iron, and calcium, 
NATABEC Kapseals contribute to better pres- 
ent and future health for the obstetrical patient 
and her child. 


dosage: As a dietury supplement during preg- 
nancy and lactation, one or more Kapseals daily as 
directed by the physician. Available in bottles of 100 
and 1,000. 


PARKE, DAVIS & COMPANY 
DETROIT, MICHIGAN 
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WEATHER OR NOT... | 


Nasal congestion is a year ‘round problem 
whether due to seasonal and perennial allergies, 
sudden chills and rains of fall and spring, 


or the severe ways of winter. 


For quick relief... the collective advantages of 


TyZINE represent the ideal in a nasal decongestant. 


always time for 


brand of tetrahydrozoiine hydrochloride 


for relief of 
nasal congestion 


in minutes for hours 

(up to 6 hours with one dose) 

Without rebound engorgement 

. +. no sting, burn or irritation 


supplied: Tyz1ne Nasal Solution, 1-0z. dropper bottles, 0.1%. 
Nasal Spray, 15 cc., in plastic bottles, 0.1°°. 
Pediatric Nasal Drops, }4-0z. bottles, 0.05%, 
with calibrated dropper for precise dosage. 


NOTE: As with certain other widely used nasal decongestants, 

overdosage may cause drowsiness or deep sleep in infants and 

young children: .- OUT OF HANDS OF CHILDREN 
Y 


OF ALL AGES. TyZINE Nasal Spray and TYZINE Nasal 
Solution, >, are net Se use in children under 
six. When using TYZINE Nasal Spray in the plastic bottle, it 
should be administered only in an upright position. 


PFIZER LABORATORIES pivision, CHAS. PFIZER & CO., INC. BROOKLYN 6, NEW YORK 
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for a sound sleep tonight, ‘filitap) 


NNembu-Serpin* 


Nembu-Serpin delivers all of the tranquilizing-antihypertensive 
eflect of reserpine— with this added advantage: 
Patients experience almost immediate relief —calm- 
er days, more restful nights—beginning the very 
first day of Nembu-Serpin treatment. 
This faster onset of on a. effect, produced 
by the synergistic action of Nembutal and reserpine, 
thus avoids prolonged waiting for a cumulative 
response to reserpine alone. 
And fast-acting Nembu-Serpin makes lower reserpine dosages 
effective, side effects rare, medication economical. Combines 


30 mg. Nembutal (pentobarbital) Calcium and 0.25 
mg. reserpine. In bottles of 100 and 500 Filmtabs. lbbott 


® Filmtab—Film-sealed tablets 
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New ganglionic blocker lowers blood pressure consistently, 
predictably, usually with just 2 oral doses per day 


On WN 


~< 


Ambulatory patients 


A.M. 


25 mg. 
25 mg. 
50 mg. 
50 mg. 
75 mg. 
75 mg. 
100 mg. 
100 mg. 


Patients with moderate to severe essential hypertension, and even with 
malignant hypertension, often respond satisfactorily to a ganglionic blocking 
agent such as Ecolid. It can be used alone or — for maximal control of blood 
pressure with minimal side effects — in combination with other antihyper- 
tensive agents such as Serpasil or Apresoline. 


Advantages 


Ecolid has the following advantages over other ganglionic blockers: 
© long action, usually requires only two oral doses per day 
rapid absorption — promptly reduces systolic and diastolic pressures 
consistent and predictable response — smoother control 
lower dosage required than with other ganglionic blockers 
minimal likelihood of drug tolerance 


Clinical observations 


In a study of four ganglionic blocking agents, Winsor’ found that the “most 
effective agent was SU3088 [ Ecolid]....’”’ In another comparative study, Grim- 
son* reported: “Results with Ecolid have been definitely more encouraging 
than those with pentolinium.” Patients maintained on Ecolid state that they 
prefer this ganglionic blocking agent because of greater energy, improved 
appetite, less difficulty with constipation and fewer tablets to take.*” 


For complete information about Ecolid, particularly more details on dosage 
recommendations, management of undesired effects and precautions, contact 
your CIBA representative or write to Medical Service Division for booklet 
entitled “Ecolid — A New Ganglionic Blocker for Hypertension.” 

References: 

1. Winsor, T.: Am. J. M. Se. 230:133 (Aug.) 1955. 2. Grimson, K. S.: J.A.M.A. 158:359 (June 4) 
1955. 3. Grimson, K. S., Tarazi, A. K., and Frazer, J. W., Jr.: Circulation 11:733 (May) 1955. 4. Grimson, 
K. S., Tarazi, A. K., and Frazer, J. W., Jr.: Angiology 6:507 (Dec.) 1955. 5. Strawn, J. R., and 


Moyer, J. H.: Personal communication, 1955. 6. Maxwell, R. D. H., and Howie, T. J. G.: Brit. 
M. J. 2:1189 (Nov. 12) 1955. 


SUPPLIED: ECOLID Tablets (Rotocotes), 25 mg. (ivory) and 50 mg. (pink). 


DOSAGE: Dosage must be adjusted to the individual patient. Below is a typical 
plan by which treatment may be initiated. 


Hospitalized patients T.M. 

P.M. DAY A.M. P.M. 

~ 1 50 mg. - 
25 mg. 2 50 mg. 50 mg. 
25 mg. 3 100 mg. 50 mg. 
50 mg. 4 100 mg. 100 mg. 
30 mg. to optimal response 
75 mg. 
75 mg. 


100 mg. 
chloride 


SERPASIL® (reserpine CIBA) 
APRESOLINE® hydrochloride (hydralazine hydrochloride C!BA) 
ROTOCOTES (dry-compressed, coated tablets C!IBA) 


(chlorisondamine chloride CIBA) 


Responses 


Cambared with ether ganglionic 
blockers, smal] doses of Ecolid were 


sion lasted 13.4 
» = tion and long duration of hypoten- doses of 150 mg. 
sive action. — 


50 to Blood pressure in 20 well controlled; 2 
"those induced by pentolinium. Each 

_ of 10 patients with previous experi- 

tion; appetite improved; greater 

energy. 


Hypertension in 18 well controlled. | Supinebloodpres- 3,4 
Supine blood pressure reduced with- sure lowered for 
out tachycardia. Constipation oc- 12 hours or more 
curred infrequently. with single oral 

doses of 50 to 100 


mg. 
85 responded well; 14 of these be- ** 5 


came normotensive. All patients re- 
ceived reserpine as base therapy. 


Blood pressure of all 12 satisfac- oe 6 
torily controlled. Systolic blood pres- 

sure lowered average of 76 mm. 
average of 42 mm. | 


more than 500 patients They were p 
nat foolid was highly effective Nearly com 
‘uration of action about 8 to he 
osage schedule in most Cases 


‘Information not available 


* 
! REPRESENTATIVE CLINICAL STUDIES OF Ecolid 
Number of Initial Oral Duration of 
Patients Dosage Action References 
Postural hypoten- 1 
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(Zoxazolamine,t McNeil) 


Orally effective muscle relaxant 


safe: 
“No irreversible side-effects occurred.” 


well-tolerated: 
“The toxic reactions for the most part were easily controlled..." 


effective spasmolytic: 
“This preliminary report of 100 patients indicates an 85% over-all effectiveness." 


Available in yellow scored tablets, 250 mg. 
1. Smith, R. T.; Kron, K. M.; Peak, W. P., and Hermann, |. F.: J.A.M.A. 160:745 (Mar. 3) 1956. 


*T.M. 
TU.S. Patent Pending 
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preventing and 
treating upper 
respiratory 
infections 


Achrocidi 


TETRACYCLINE-ANTIHISTAMINE-ANALGESIC COMPOUND 


ACHROCIDIN provides in one tablet all the drugs 
which are often prescribed separately for the 
prevention and treatment of cold complications 
—conditions such as otitis, adenitis, sinusitis, 
and others. 

This comprehensive formula 1) provides potent 
therapeutic and prophylactic action against a 
wide variety of infective organisms, 2) relieves 
pain and discomfort, 3) depresses fever, 4) allevi- 
ates nasal congestion. 


Available on prescription only 
Each tablet contains: 
ACHROMYCIN® Tetracycline 25 mg. 


Phenacetin..... 120 meg. 
150 mg. 


Chiorothen Citrate............ 25 mg. 
Bottle of 24 tablets. 


Average adult dose: 2 tablets, 4 times daily 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK > 
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pursued 


Noludar ‘Roche’ will help 
Solve the problem. Not a 
barbiturate, not habit 
forming, 50 mg t.i.d. 


provides daytime sedation 


without somnolence, 
while 200 mg h.s. induces 
a sound night's sleep 


without hangover. 


Noludar tablets, 50 and 


200 mg; elixir, 50 mg 


per teaspoon. 
Hoffmann - La Roche Inc 


Nutley 10, New Jersey West 
\ 


Neluder® 
brand of sethypryion 
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DRY, SCALY SKIN 
DETERGENT RASH 
CHAFING 

PRICKLY HEAT 
SUNBURN 
"DISHPAN' HANDS 
DIAPER RASH 
SIMPLE ECZEMA 


Superficial skin complaints 
usually respond dramatically 

to TASHAN CREAM 'Roche:' 
Antiprurient, soothing, and 
healing--contains vitamins 

A, D, E, and d=-Panthenol, in 

a cosmetically pleasing 
water-soluble base which 
fastidious patients will 

enjoy using. Hoffmann- | 


La Roche Inc, Nutley, N. J. 
TASHAN 
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after severe illness... the water-soluble vitamins 


ombex with 
Vitamin 


After severe injury or illness, vitamin deficiencies are most 
frequently due to lack of water-soluble vitamins.* By prescribing 
COMBEX WITH VITAMIN C KAPSEALS you provide convalescent 
patients with dependable dosage of several factors of the vitamin 
B-complex and of vitamin C—both ina single, convenient KAPSEAL. 


Other members of the COMBEX family include: 


COMBEX KAPSEALS | 
COMBEX PARENTERAL | 
THERA-COMBEX KAPSEALS — Therapeutic doses of factors of vitamin B-complex 
and of vitamin C with Taka-Diastase® 
TAKA-COMBEX KAPSEALS—Factors of vitamin B-complex, C, and Taka-Diastase 
TAKA-COMBEX ELIXIR—Factors of vitamin B-complex and Taka-Diastase 


-—factors of vitamin B-complex 


Pollack, H., and Halpern, S. L.: Therapeutic Nutrition, Washington, D. C., National Academy of Sciences — 
National Research Council, 1952, p. 21. $0084 
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restrict cold complications... 


) relieve the patient 


CORICIDIN «. Penicilli 


(150,000 units Penicillin G Procaine) TABLET 


ORICIDIN 


especially in severe, persistent col annie G 
unsurpassed symptomatic relief simultaneously with PROCAINE 
antibacterial protection...to ward off common complications TABLETS 


such as bronchitis and laryngitis...to help shorten recovery period. 


Coricip1n,® brand of analgesic-antipyretic. 
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complete 
lipotropic 
formula 
should be 
an integral 
part of 
therapy 


= 


methisc 


methionine vitamin choline «+ inositol liver 


to reverse and prevent as a protective aid against 
further liver damage and atherosclerosis and 
hepatic cirrhosis coronary impairment 

(So common tn alcoholism) 


u. S. Vitamin corporation 
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for superficial bacterial infections 
of the skin and external ear 


Spectrocin 
Ointment 


Squibb Neomycin-Gramicidin in Plastibase* 
15 and 30 gram tubes 


for superficial bacterial 
infections of the eye 


Spectrocin 
Ophthalmic 
Ointment 


Squibb Neomycin-Gramicidin in Plastibase™ 
3.6 gram ophthalmic tubes 


for symptomatic relief of 
minor throat irritations 


Spectrocin-T 


Squibb Neomycin-Gramicidin-Benzocaine Troches 
boxes of 10 and bottles of 48 


The organisms responsible for most 

superficial bacterial infections are highly 
susceptible to neomycin; those which are 

only slightly susceptible or resistant to neomycin 
are usually susceptible to gramicidin. 


Neomycin is rarely administered systemically, 
and gramicidin never. With Spectrocin 
(Squibb Neomycin-Gramicidin), therefore, 
there is no danger of sensitizing patients to 
antibiotics generally used systemically 

for serious infections. 


BES Squibb Quality—the Priceless Ingredient 


SQUIBB 


*“specteocin’® AND "PLASTI®ASE’ APE SQUIBB TRADEMARKS 
#(squise OLEAGINOUS OINTMENT pase) 


SP-56 
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VJodern medteal research tnstruments 


5 pars seven-ton bulldozers are truly research tools, for they are 
taking part in an exhaustive program for the study and revision of 
accepted methods of medical instrument design and manufacture. 


Yes, Sanborn Company ts on the move! The mstruments above are 
levelling off small mountains of earth and rock in preparation for a new and 
modern Sanborn plant near Boston, Mass. 


Completion of the structure late this year will mean vastly improved 
facilities for research, manufacturing and other operations. This will directly 
and immediately benefit not only the work Sanborn does, but also the people 
who use Sanborn instruments. It will make possible more rapid development 
of new instruments ... faster production, delivery and service... and 
increased opportunity for a larger number of people to apply their skills 
to the problems of modern instrument design and manufacture. 


Sanborn Company, Cambridge 39, Massachusetts 


Scale model of new Sanborn plant 
just off Route 128 in Waltham, Mass. 
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urinary 


infections 


pregnancy 


““Pyelonephritis is...one of the mos 
common complications of pregnancy. 


uradantin 


BRAND OF FANTOIN 


“Successful results were obtained in all pregnant patients.’” 


Average dose: one 100 mg. tablet, 
q.i.d.; 1 tablet with each meal and 


EATON LABORATORIES 1 with food or milk on retiring. 
Norwich poe New York 


/s Tablets: 50 and 100 mg., bottles 
w of 25 and 100. 


NITROFURANS References: 1. Kass, E. H.: Am. J. Med. 18:764, 
a new class of antimicrobials 1955. 2. Diggs, E. S., Prevost, E. C., and Valderas, 
neither antibiotics nor sulfonamides J. G.: Am. J. Obst. 71:399, 1956. 
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At Last... 
SIMPLIFIED NEBULIZATION THERAPY 


for Asthma 


MEDIHALER 


Provides Measured, Uniform Dosage Inhalation Therapy, 
Trouble-Free, Promptly Effective 


@ True Nebulization—80 per cent of particles measure from 
0.5 to 4 microns radius—insuring effective penetration of 
respiratory tract. 


@ Medication, in leakproof, spillproof bottle, cannot deteri- 
orate by exposure to light or oxidation. Each 10 cc. bottle 
provides 200 inhalations. 

@ Medihaler Oral Adapter is inexpensive, 
unbreakable. No breakage of costly glass 
nebulizers. 


@ Aerosol dose released is always the same, 
does not depend on patient strength or on 
amount in bottle. One or occasionally two 
inhalations provides relief for most pa- 
tients. Notably safe for use with children. 


sk MEDIHALER-EPI 


0.5% solution of epinephrine U.S.P. 


MEDIHALER-ISO 


0.25% solution of isoproterenol HCI U.S.P. 


In your first prescription for the 
patient be sure to write for medica- 
tion (whichever you choose) AND 
73 the Medihaler Oral Adapter (pack- 
~~. aged and sold separately), since 
- medications cannot be used without 
Adapter. For refills, write Rx for 
medication only. 


*The Medihaler principle of effec- 
tive antiasthmatic therapy offers 
your favorite bronchodilators in 
special Medihaler aerosol form. 


Published reports confirm 


than with a standard 


APC formula’. . 
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A. H. ROBINS CO., Inc., RICHMOND 20 
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for assured 


therapeutic 


advantages 


_.refocus on... 


Current studies show Peptonized Iron— 


Y One-third as toxic as ferrous sulfate. 
y Absorbed as well as ferrous sulfate. 
Y Non-astringent. 


(’/ Free from tendencies to disturb digestion. 
(One-tenth as irritating to the gastric mucosa 
as ferrous sulfate.) 


Y More effective in iron-deficient anemias. 


with Peptonized 


*Keith, J.H.: Utilization and Toxicity of Peptonized Iron and Ferrous 
Sulfate, Read before the American Association for the Advancement 
of Science, Zoological Section, Atlanta, Georgia, December, 1955. 


THE S. E. MASSENGILL COMPANY Bristol, Tennessee « New York e Kansas City « San Francisco 
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hematinic 
PEPTONIZED iron 


Peptonized iron is virtually predigested. It is ab- 
sorbed as well as ferrous sulfate, and is one-tenth 
as irritating to the gastric mucosa. Anemias re- 
fractory to other forms of iron will often respond 
promptly to Livitamin therapy. 


The Livitamin formula, containing the B com- 
plex, provides integrated therapy to correct the 
blood picture, and to improve appetite and digestion. 


Iron peptonized .. . 420 mg. 


(Equiv. in elemental iron to 71 mg.) 

Manganese citrate, soluble. . . . . . . 158 mg. 
Thiamine hydrochloride... ..... 10mg. 
Vitamin Bj (crystalline). ...... =. #2Omeg. 
Pyridoxine hydrochloride ....... 1 mg. 


» THE S. E. MASSENGILL COMPANY 
Bristol, Tennessee 
-New York Kansas City San Francisco 
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helping the epileptic to help himself 
WET TIN 


Kapseals® and Suspension 


(phensuximide, Parke-Davis) 


A drug of choice in initiating treatment and, after five years of study, found least toxic of all effective drugs.’ 


Often effective in patients refractory to other therapy ...and often of definite value in some patients with psy- 


chomotor epilepsy. 
MILONTIN Kapseals, 0.5 Gm., bottles of 100 and 1,000; also available as MILONTIN Suspension (250 mg. per 4 cc.) in 16-ounce bottles. 


DILAN TIN’ SODIU We 


(diphenylhydantoin sodium, Parke-Davis) 
for patie nis with grand mal and psychomotor 


Alone or in combination, DILANTIN continues as an anticonvulsant of choice...with time-tested advantages 
of greater safety and lack of hypnotic activity.*° 

DILANTIN Sodium is supplied in a variety of forms — including Kapseals of 0.03 Gm. (*4 gr.) and 0.1 Gm. (1% gr.), bottles of 100 and 1,000. 
For patients with mixed grand mal—petit mal epilepsy, MILONTIN may be used in combination with DILANTIN 
Sodium or with DILANTIN Sodium with Phenobarbital. 


(1) Zimmerman, F. T.: New York J. Med. 55:2338, 1955. (2) Drake, F R.: Am. J. M. Sc. 230:98, 1955. (3) Levy, L., & Shanbrom, E.: Arch. 
Int. Med. 97:599, 1956. 


IP) PARKE, DAVIS & COMPANY « DETROIT 32, MICHIGAN 
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treat adrenocortical insufficiency 


without the 
difficulties 


of 
umplants 


without the 


unpleasantness 
of daily 
enjections 


= 


SINGLE injection a month 


trimethylacetate 


(desoxycorticosterone trimethylacetate CiBA) 


Percorten trimethylacetate, developed after 
more than 3 years of research by CIBA, 
provides expedient, lasting hormonal support for 
the patient with adrenocortical hypofunction 

... avoiding both the uncertainty of surgical 
implantation and the vexation of daily 
injections. With once-a-month therapy, a single 
injection will produce prolonged activity 
without acute signs of overdosage.’ 


Multiple-dose Vials, 4 ml., containing 25 mg. 
Percorten trimethylacetate per ml. as an aqueous 
microcrystalline suspension for intramuscular 
use only. 


1. Frawley, T. F., and Forsham, P. H.: J. Clin. Endocrinol. 
11:772 (July) 1961. 


CIBA 


SUMMIT, N. J. 
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Something missing? Sure—that important last word! 


When you prescribe prenatal capsules, the word to remember is 
Lederle. Write it, and assure your patient the genuine Lederle formula! 


PRENATAL 


Dosage: 1 to 3 capsules daily, throughout pregnancy and lactation. 


Each capsule contains 


Vitamin A 2000 SP. Unite Folie Acid me 
Vitamin D 400 USP. Unite Calcium (in ¢ “aHPOy 250 me 
Thiamine Mononitrate (By) 2 me. Phosphorus (in CaHPO,). 190 me 
Riboflavin (Bye) 2 me. Dicalicium Phosphate 
Niacinamide 7 me. Anhydrous (CaHPO,) _._.. S69 me. 
Vitamin Bye megm. Iron (in FeSO) 6 me. 
Vitamin K (Menadione) me. Ferrous Sulfate Exsiceated __. 20 mz 
Ascorbic Acid 35 me. Manganese (in MnSQ,4)...... 0.12 me 


alt sealed copsules —a Lederle exclusive! More rapidly 


and completely absorbed. No oils, no paste ...no aftertaste. 


LEDERLE LABORATORIES DIVISION awenscav Cyanamid PEARL RIVER, NEW YORK Lederie) 


XYLOCAINE® HCI SOLUTION ASTRA 
The Name That Marks a New Era in Local Anesthesia 


Xylocaine provides peak values in: 
e Duration e Clinical Effectiveness e Clinical Tolerance e Speed 
e Stability e Versatility e Clinical Predictability e Safety e Depth 


Trade Name: XYLOCAINE Generic Name : lidocaine* 
‘Chemical Name: -Diethylaminoaceto-2,6-xylidide 


Chemical Structure: 7) 


CH; 
Potency: Two to three times that of procaine. 
Duration of Action: Two to three times that of procaine. 
Anesthetic Index: 1.8. Surface Anesthetic Index: 8. 


Safety Factor: Two to three times that of procaine (because smaller 
concentrations and volumes are clinically as effective). 


Sensitivity: Allergic manifestations and sensitizing reactions 
have never been reported. 


Inhibition of Therapeutic Action of Sulfonamides or Antibiotics: None. 


Versatility: Effective in local infiltration anesthesia; in major conduction 
anesthesia; in temporary therapeutic blocks for relief of pain; 
in topical anesthesia. 


Available on Request: Descriptive literature, bibliography, and trial supply. 


Supplied: Vials, 0.5%, 1% and 2% in 20 cc. and 50 cc. without and 
with epinephrine 1:100,000; 100 cc. vials, 1% without epinephrine. 
2 2% without and with 1: 100,000. 


Astra Products, Inc., Worcester 6, Mass. 


©. PATENT NO. 2.441.490 
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rapid elimination 


clear-headed awakening 


ELIXIR 


Available as ELIXIR ALURATE, cherry red color/ELIXIR ALURATE VERDUM, emerald green color 
Each contains 0.03 Gm (% grain) of Alurate per teaspoonful (4 cc) 
in a palatable vehicle. Alurate®—brand of aprobarbital 


HOFFMANN-LA ROCHE INC. + ROCHE PARK + NUTLEY 10 + NEW JERSEY 
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Tetracycline Lederle 


in the treatment of 


January and his associates’ have written on the 
use of tetracycline (ACHROMYCIN) to treat 118 
patients having various infections, most of them 
respiratory, including acute pharyngitis and 
tonsillitis, otitis media, sinusitis, acute and 
chronic bronchitis, asthmatic bronchitis, bron- 
chiectasis, bronchial pneumonia, and lobar 
pneumonia. Response was judged good or 
satisfactory in more than 84% of the total cases. 


Each month there are more and more reports 
like this in the literature, documenting the 
great worth and versatility of ACHROMYCIN. 
This antibiotic is unsurpassed in range of effec- 
tiveness. It provides rapid penetration, prompt 
control. Side effects, if any, are usually negligible. 


No matter what your field or specialty, 
ACHROMYCIN can be of service to you. For your 
convenience and the patient’s comfort, Lederle 
offers a full line of dosage forms, including 


ACHROMYCIN SF 


ACHROMYCIN with STRESS FORMULA VITAMINS. 
Attacks the infection—defends the patient— 
hastens normal recovery. For severe or pro- 
longed illness. Stress formula as suggested by 
the National Research Council. Offered in 
Capsules of 250 mg. and in an Oral Suspension, 
125 mg. per 5 cc. teaspoonful. 


For more rapid and complete absorption. 
Offered only by Lederle! 


‘January, H. L. et al: Clinical experience with tetracycline. 
Antibiotics Annual 1954-55, p. 625. 


LEDERLE LABORATORIES DIVISION 
AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 


ORES. U. S. PAT. OFF. 


PHOTO DATA: 8 X 10 VIEW CAMERA—WIDE ANGLE LENS, 
F.32, 1/10 SEC., FLOODS AND SPOTS, ROYAL PAN FILM. 
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RECTAL 


OINTMENT 


NEW and specially formulated 


for more effective and 


sustained relief in Fe 


anorectal conditions 


RECTAL DESITIN OINTMENT affords unusually effective 
relief from pain, irritation, inflammation, itching, con- 
gestion, and discomfort in non-surgical hemorrhoids, 
anorectal irritation, pruritus, uncomplicated fissures, 
proctitis, inflammatory cryptitis, papillitis and perianal 
dermatitis. 

Outstanding Advantages: (1) a special tacky consistency 
for prolonged efficacy. (2) a unique wetting agent for 
intimate, thorough coverage. (3) Norwegian cod liver 
oil to stimulate healing. 


Formula: RECTAL DESITIN OINTMENT contains high grade, 
Norwegian cod liver oil, zine oxide, lanolin, talcum, sodium lauryl! 
sulfate, petrolatum q.s. Does not contain local anesthetics, narcot- 
ics, or “caine” drugs which might mask serious anorectal disorders. 


Available on your prescription in tubes of 142 02., with a safe, flexible applicator. 
Liberal sample supply on request. 


DESITIN CHEMICAL COMPANY 


Providence, R. I. 
New RECTAL DESITIN OINTMENT is not to be confused with regular DESITIN OINTMENT. 
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nudges your patient sleep 


One 500-mg. capsule of this new nonbarbiturate gently relieves ordinary nervous 


insomnia. Excellent in presence of mild anxiety or 


) 
unrest, chronic disease, old age, and small hour waking. Ob bott 
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...most effective treatment 
known for seborrheic dermatitis 
of the scalp and dandruff... 
Your prescription for Selsun assures 
patients lasting relief from itching, 
scaling, burning scalps. And patients 
appreciate the ease of using Selsun: 
applies like a shampoo, rinses out 
easily, leaves both hair and scalp 
clean. Selsun Suspension completely 
controls 81-87% of seborrheic derma- 
titis, 92-95% of dandruff cases. Each 


4-fluidounce bottle 


carries full directions. bbott 
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THE MILTOWN MOLECULE 


A tranquilizer well suited for prolonged therapy 


CONTRAINDICATIONS 


reported to date 


e well tolerated, non-addictive, essentially non-toxic 


e no blood dyscrasias, liver toxicity, Parkinson-like syndrome 
or nasal stuffiness 


@ chemically unrelated to chlorpromazine or reserpine 
® does not produce significant depression 


e orally effective within 30 minutes for a period of 6 hours 


Indications: anxiety and tension states, muscle spasm. 


Miltown 


THE ORIGINAL MEPROBAMATE 
DISCOVERED AND INTRODUCED by Wallace Laboratories, New Brunswick, N. J. 


2-methyl-2-n-propyl-1,3-propanedio!l dicarbamate—U. S. Patent 2,724,720 
SUPPLIED: 400 mg. scored tablets. Usual dose: | or 2 tablets tid. 


Literature and Samples Available on Request 
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Desbutal 


(DESOXYN'* plus NEMBUTAL”* 


PHOTOGRAPH BY JIM BROWN 


609226 
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dispel anxiety and depression 


One capsule represents 5 mg. DESOXYN ( Methamphetamine, Abbott) 
Hydrochloride and 30 mg. NEMBUTAL (Pentobarbital, Abbott) Sodium. 


| 
without 
barbiturate 
after-effect 


Dosage: 
As a hypnotic— 

0.5 Gm. at bedtime 

As a daytime sedative — 
0.125 or 0.25 Gm. t.i.d. 


Supply: 


Tablets, 0.125 Gm., 
0.25 Gm. (scored) 
and 0.5 Gm. (scored) 


Doriden: 


C IBA 


* 
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Supplied: White, 5 mg. oral tab- 
lets, bottles of 20 and 100. Pink, 
1 mg. oral tablets, bottles of 100. 
Both are deep-scored. 


*Schwartz. E.: New York J. Med. 
56:570, 1956. 


in bronchial asthm 


brand of prednisolone 


one of “the best therapeutic agents 
now available”* 


provides restoration of breathing capacity — Relicf of symptoms 
[ bronchospasm, cough, wheezing, dyspnea| is maintained for long 
periods with relatively small doses.* 


minimal effect on electrolyte balance — “in therapeutically effective 
doses... there is usually no sodium or fluid retention or potassium 
loss.”°* Lack of edema and undesirable weight gain permits more 
effective therapy particularly for those with cardiac complications. 


Brooklyn 6, New York 
Division, Chas. Pfizer & Co., Inc. 
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for those with 


PARKINSONISM 


Smoother activity 


and 


brighter expression 


w reduces rigidity and tremor. 


ws seldom causes dryness of the mouth, 
blurring of vision or excitation. 


**KEMADRIN’ brand Procyclidine Hydrochloride 
Tablet of 5 mg., scored. Bottles of 100 and 1,000. 


Literature available on request. 


B va BURROUGHS WELLCOME & CO. (U. S.A.) INC., Tuckahoe, N.Y. 


Superior antacid action and... 


"For palatability, 
many patients prefer Maalox"™* 


MaAALox®, an efficient antacid suspension of magnesium- 


aluminum hydroxide gel, is smooth-textured, and always sola 

pleasant to take. MAALOX was tested by thousands of hos- — For Pai Be 
pital outpatients, who preferred it to other antacids. Indeed, Fas try Ascritin Tablets ™ 
high patient acceptability (without danger of constipation ) / (Aspirin buffered with Maalox) ‘\ 
is one of the outstanding advantages of MAALOox therapy.” Doubles blood salicylate level 


As to chemistry: MAALOX has more acid-binding capacity e@ Action more prolonged 


than aluminum hydroxide gel, and maintains its antacid 
effect twice as long.® 
Supplied: Suspension, bottles of 12 fluidounces. 


Tablets, bottles of 100. Samples sent promptly on request. 
l. Kramer, P.: Med. Clin. North America, 39:1381, Sept. 1955. 

2. Morrison, Samuel: Am. J. Gastroenterology 22:309 (1954). 

3. Rossett, N. E., Rice, M. L.. Jr., Gastroenterology 26:490 (1954). 


better suited for antacid therapy”? 


@ Clinically proved. 


/ \ 
\ 
High gastric tolerance level 
‘ Samples on request. ; 


WILLIAM H. RORER, Inc. 


PHILADELPHIA, PA. 
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to quiet the cough 


and calm the patient 


INTEGRATED ACTION 


1. Topical anesthetic action 
more powerful than that of cocaine 


Antihistaminic action 
to help control cough, bronchial spasm, 
and allergy-caused congestion 


Sedative action 
to allay nervous irritability 


4. Expectorant action 
to render the cough productive by aiding 
the secretion of protective mucus 


PHENERGAN 
EXPECTORANT 


Promethazine Expectorant with Codeine; Plain (without Codeine) 


Philadelphia 1, Pa. 
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WHENEVER 
COUGH THERAPY 
IS INDICATED 


ycodan 


Relieves quickiy and thoroughly ffec 

lasts up to six hours permitting a comfortatl 
night's sleep Controls useless cough 

pairing expectoration # Rar ely Causes Constipatic 


ENDO LABORATORIES INC. 
Richmond Hill 18, 
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TANGIBLE 
RELIEF 
PREMENSTRUAL 
TENSION 


another indication for | : 


ACETAZOLAMIDE LEDERLE 


\ single tablet of piawiox controls fluid retention with tangible 
relief of symptoms of premenstrual tension such as pelvic engorge- 
ment, tightness of skin, pruritus and headache. Patients report 
marked improvement of physical and emotional well-being on a 
simple regimen of piaMON: one tablet daily, beginning 5 to 10 davs 
before menstruation, or at the onset of symptoms, 

Of proven value in cardiac edema, acute glaucoma, epilepsy, 
obesity, toxemias and edema of pregnancy, the action of DIAMOX 
is considered a welcome departure from that of the mercurials.! 
It is well tolerated orally and even when given in large dosage 
side effects are rare? Excretion by the kidney is complete within 


24 hours with no cumulative etlects.2 

\ safe, versatile drug. biAMoON ts effective not only in the mobill- 
vation of edema fluid but in the prevention of fluid accumulation 
as well? \ single dose is active for 6 to 12 hours, offering con- 


venient daytime diuresis. 


Supplied: Scored Lablets of 250 mg. (Also in ampuls of 500 mg. 
for parenteral use in critical cases) . 


1 Krantz, J. C. and Carr, C. J.: The Pharmacologic Principles of Medical Practice. 
bal. 3. The Williams & Wilkins Co., Baltimore, 1954, p. 1014. 

2 Goodman, L. S. and Gilman, A.: The Pharmacological Basis of Therapeutics. 
Ed. 2. The Maemillan Co., New York, 1955, p. 850, 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 


*Reg U. S. Pat. Off. 
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COMMON THERAPEUTIC PROBLEM: 


the “see-saw” antimicrobial effect 
of broad spectrum antibiotics 


BEFORE THERAPY 


AFTER THERAPY 


Mysteclin Capsules—Con- 
taining 250 mg. Steclin 
(Squibb Tetracycline) Hydro- 
chloride and 250,000 units 
Mycostatin (Squibb Nystatin). 
Bottles of 16 and 100. 


Squibb Quality— 
the Priceless Ingredient 


*mystecun’®, *stecuiw® ano ‘wyrcosratin’® are TRADEMARKS 


Mysteclin Half Strength Cap- 
sules — Containing 125 mg. 
Steclin (Squibb Tetracycline) 
Hydrochloride and 125,000 
units Mycostatin (Squibb Nys- 
tatin). Bottles of 16 and 100. 


NEW... Mysteclin Suspen- 
sion—Containing the equiv- 
alent of 125 mg. Steclin 
(Squibb Tetracycline) Hydro- 
chloride and 125,000 units 
Mycostatin (Squibb Nystatin) 
per 5 cc. teaspoonful. Bot- 
tles of 2 ounces. 
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BACTERIA MONILIA | BACTERIA MONILIA 7 
SQUIBB 


A NOW... balanced antimicrobial therapy 


BEFORE THERAPY AFTER THERAPY 


» 


MONILIA 


BACTERIA MONILIA 


BACTERIA 


Steciin-Mycostatin uibb Tetracyctine-Nystatin) 


the only broad spectrum antibiotic preparation with 
added protection against monilial superinfection 


THE EXTERNAL DEFIBRILLATO 


Developed by Paul M. Zoll, M.D. 


The New Electrodyne D-72 is a 
PROVEN * instrument for clinical 


treatment of ventricular fibrillation and 
NORWOOD, MASSACHUSETTS persistent ventricular tachycardia 


through the unopened chest. 
pEctALiSTs IN 
LE 


, 
Your inquiries for further 


information, literature, and 


prices invited, 


“REFERENCE: Zoll, P. M. et al: Termination of Ventricular Fibrillation in Man by Externally Applied 
Electric Countershock. New England Journal of Medicine — Vol. 254 — No. 16 — April 19, 1956. 
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PERSISTENT relief of pain 
with 
non-narcotic 
MARK-—PAT. PEND. 
For patients with arthritic and rheumatic involvements, 
bursitis, myalgias, neuralgias and other types of pain relieved by 
salicylates. Persistin enlists the recuperative powers of 
uninterrupted natural sleep and permits the avoidance 
of hypnotics in many cases. 
The unique formula of Persistin provides: 
1. Rapidly effective analgesia by a quickly absorbed salicylate. 
2. Long-lasting analgesia by a salicylate that 
is slowly absorbed. Analgesic levels of salicylate persist 
in the blood for 5 to 8 hours. 
Each Persistin tablet contains: « Usual dosage: Adults—three tab- 
- acetylsalicylic acid 244 gr. (160 mg.) lets before retiring. Children — 
salicylsalicylic acid 7% gr. (480 mg.) age 2-4 one-half tablet; age 5-9 
one tablet; age 10-12 one and 
Supplied: Bottles of 90 uncoated, one-half tablets; age 13 and over 
scored tablets two tablets. 


PERSISTIN 


MARK<-=PAT. PEND. 


. .- another unique formulation of 
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This is “the most “NG: 


valuable drug that 


has been introduced 


for the treatment of 
ulcerative colitis” in 

recent years.’ Results 
of treatment with 


Azulfidine “far exceed 


those of any previous 
drug used”.? “It has been 


effective in controlling the 


disease in approximately 


two-thirds of patients 
who had previously 
failed to spond to 
standard colitis therapy 


currently in use.” 


1. Barcen, J. A.: “Present Status of Hormonal 
and Drug Therapy of Ulcerative Colitis”, 
South. M. J. 48: 192 (Feb.) 1955. 


2. BarcGeENn, J. A. and Kennepy, R. L. J.: “Chronic 
Ulcerative Colitis in Children”, Postgrad. 
Med. 17: 127 (Feb.) 1955. 

3. Morrison, L. M.: “Response of Ulcerative 
Colitis to Therapy with Salicylazosulfapyridine”, 


270 Park Avenue, New York 17, N.Y. 
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this 
capsule 


visceral eutonic 


PLAIN AND WITH PHENOBARBITAL 


.Testores and maintains normal tonus and motility 
, does not interfere with digestive secretions 
-notably free from constipation and urinary retention 


IAC T I Lis the only brand of N-ethyl-3-piperidyl diphenylacetate hydrochloride. 


LAKESIDE or0se 


AUC 
as 
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Supplied: 
TEST KIT (For the complete procedure) 


CRP-POSITEST* 


(Standardized test-control solution 
of C-Reactive Protein) 


CAPILLARY TUBE RACK 


CAPILLARY TUBES 
0.8mm ID —15mmID 


1 ml. vials (80-110 determinations) 


. 0.5 ml. vials 


(Two sizes)... 


*Trademark 


TO LIGHT WITH 


(C-reactive Protein Antiserum, Schieffelin) 


C-Reactive protein in serum only when in- 
flammation exists. 


Unlike E.S.R., no “Normal” range... either 


negative or positive. 


No false positives. 


Simpler... faster... more reliable aid to 


diagnosis. 


Quantity of precipitate reflects severity of 
condition ... Precipitate diminishes as 
therapy reduces inflammation. 


Both venous blood and blood obtained by the 
“finger tip technique” (punctured as for blood 
count) can be used with equally reliable results. 
To make the test procedure fast and convenient 
a new compact C.R.P.A. Test Kit is now 
available; it contains C.R.P.A., CRP-Positest 


control solution, capillary tubes, test rack, and 


illustrated directions. 


COMPLETE LITERATURE ON C.R.P.A. IN DETECTION OF 
RHEUMATIC DISEASES, MYOCARDIAL INFARCTION, AND 
MANY OTHER DISEASE STATES ON REQUEST. 


New York 3, N. Y. « Since 1794 


Laboratory Products Division 
In Canada: William Sofin & Co., Ltd., Montreal 25, Quebec 
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"Vitamins 
as s nature 


The homogenized vitamins 


Homagenets supply vitamins in the same e Better absorption, better utilization 


do foods. Excess vitamin dosage unnecessary 

n new dosage form, the vitamins 

are homogenized, then fused into a solid ~ Pleasant, candy-tike flavor 

tablet. Because they are minutely sub- ° No regurgitation, no “fishy burp” 
divided, the vitamins are absorbed and « May be chewed, swallowed or dissolved 


utilized much more efficiently. in the mouth 


Three formulas: Prenatal, Pediatric, Therapeutic 
Samples available on request "U.S. Pat. 2676136 


THE S. £. MASSENGILL COMPANY - Bristol, Tennessee - New York - Kansas City - San Francisco 
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whenever an enema is indicated 


FLEET’ ENEMA 


Disposable Unit | 


=>. A a 
bo 


Anatomically correct rectal tube minimizes injury 
hazard... plastic squeeze bottle fits the hand, 
simplifies instillation ...effective as soap suds, or 
more so," FLEET ENEMA induces prompt, 
spasm-free evacuation.) 

For home administration and for hospitalized 
patients prescribe or recommend FLEET ENEMA 
Disposable Unit... extremely effective, too, for 
pre-examination cleansing in your office... available 
at all pharmacies... in use by leading hospitals. 


Each 4% fl. oz. unit contains, per 100 cc., 16 mg. sodium biphosphate 
and 6 gm. sodium phosphate. 


(1) Swinton, N. W., Surg. Clin. of No. Am. 35:833, 1955 
(2) Gross, J. M., Jl. Int. Coll. Surg. 23:24, 1955 


Cc. B. FLEET iNC. 


Lynchburg, Virginia 
Makers of Phospho-Soda (Fleet) * Gentle... Prompt... Thorough 
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break 


morning), 
sickness. 


90-95% effective,’ “no side effects were observed”’ one tablet at bedtime 


1. Groskloss, H. H. et al: Bonadoxin®: a unique control for nausea and vomiting of 
pregnancy. Clin. Med. 2:885 (Sept.) 1955. 2. Tartikoff, G.: The antiemetic function of 
Bonadoxin in the nausea and vomiting of pregnancy. Clin. Med. 3:223 (Mar.) 1956. 


Chicago 11, Ill. 
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stress 


depletes 


essential 


vitamins 


replace 
them » 
with 4. J 


ss Formula Vitamins Lederle 


Today, stress is the rule rather than the ex- 
ception in the life of most persons, Under 
prolonged stress, losses of specifi Vitamins 
are unduly large and intake olten poor. To 
offset the emotional and physical lability in 
these cases, prescribe STRESSCAPS. 


The srresscars formulation is based on the 
most recent knowledge regarding the vitamin 
requirements of the human body under stress, 


Each Capsule Contains: 


Phiamine Mononitrate (B,) 10 meg. 
Riboflavin (B.) 10 mg. 
Niacinamide 
Ascorbic Acid (C) SOO mg. 
Pyridoxine HC! (By) mg. 
Vitamin B,, 4 megm, 
Folic Acid 1.> mg. 
Calcium Pantothenate 20 meg. 
Vitamin K (Menadionce) 2 mg. 


Average Dose: 1-2 apsules daily. U. PAT. OFF, 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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NEW 6th edition with 18 bi-monthly 


modern drugs supplements $15 


The only three-year reference service of its 
kind with complete, authoritative data on 
new ethical drugs now completely revised 
in this new, “‘better than ever’’, 6th Edition. 
Prescription products, narcotics and exempt- 


HANDSOMELY BOUND IN RED FABRICOID 
CONTAINS over 1500 PAGES, SIZE 6” x 9%" x 2” 


COMPLETE WITH GENERIC NAME INDEX 
AND SELF-PRONOUNCING DRUG LISTINGS 


¢ Over 50,000 
Physician, Pharmacist, Institution purchasers 
¢ Now required 
by Michigan State Board of Pharmacy 
¢ Recognized as leading reference text by College 
and University Schools of Pharmacy 
© 97.2% subscribers who receive it . . . use it 
© 89.8% heep it within firger-tip reach 


narcotics are indicated for the first time. 
Here is your source for latest composition, 
action, uses, supply, dosage—also cautions 
and contraindications of thousands of 
new drugs. 


MAIL THIS COUPON NOW 


DRUG PUBLICATIONS, INC. 
49 West 45th Street, New York 36, N. Y. 


Enclosed is the sum of fifteen dollors ($15.00°* U.S.A.) 
for which please send me postpaid the Sixth Edition of the 
MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC 
INDEX plus the bi-monthly supplementary service, MOD- 
ERN DRUGS. Binder for supplements— $2.50 extra. 


NAME 


ADDRESS 


“ZONE STATE 


**Foreign $18.00 **includes three-year supplementary 
service ot $3 per yeor. M 95 
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| relieves after-eating distress 


and chronic constipation 


(IRON BILE SALTS, LILLY) 


a potent choleretic 


Under the priming influence of ‘Bilron,’ 
natural bile flow and concentration of 
bile acids are greatly increased. When 
symptoms include intolerance to fats, 
constipation, or flatulence, “Bilron’ offers 
effective, gratifying relief. Also, “‘Bilron’ 


dissolves in the small intestine at the 
optimal point for emulsification and ab- 
sorption of fats. 

Available in 2 1/2-grain and 5-grain pulvules. 


DOSAGE: Usually 5 to 10 grains daily with 
meals. 


&2( TH ANNIVERSARY 1876 + 1956 / gLI LILLy AND COMPANY 
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The American Journal of Medicine 


XXI 


SEPTEMBER, 1956 


No. 3 


Editorial 


Some Clinical Implications of the Spontaneous 
Diurnal Variation in Adrenal Cortical 


Secretory Activity 


tURNAL rhythm in the excretion of urinary 
17-ketosteroids was first described in a 
group of young men by Pincus in 1943.' The 
same phenomenon was subsequently established 
for neutral reducing lipids.* This diurnal varia- 
tion in the urinary excretion of adrenal cortical 
steroids has since been amply confirmed*~* and 
during the past five years it has been extended 
to include changes in plasma 17-hydroxycorti- 


coids as well.*~* 
The hourly urinary excretion of 17-hydroxy- 
corticoids is usually maximal between 8 and 


‘Pincus, G. A diurnal rhythm in the excretion of 
urinary ketosteroids by young men. J. Clin. Endocrinol., 3: 
195, 1943. 

? Pincus, G., Romanorr, L. P. and Cario, J. A 
diurnal rhythm in the excretion of neutral reducing 
lipids by man and its relation to the 17-ketosteroid 
rhythm. J. Clin. Endocrinol., 8: 221, 1948. 

*Lamwiaw, J. C., Jenkins, D., Reppy, W. J. and 
Jaxorson, IT. The diurnal variation in adrenocortical 
secretion. J. Clin. Investigation, 33: 950, 1954. 

‘Forsuam, P. H., Dit Ramonpo, V., Istanp, D., 
Rinrrep, A. P. and Orr, R. H. Dynamics of adrenal 
function in man. In: Ciba Foundation Colloquia on 
Endocrinology, vol. 8, p. 279. London, 1955. J. A. 
Churchill Ltd. 

*Tyier, F. M., Micron, C., Frorentin, A. A. and 
Samuets, L. T. The diurnal variation of 17-hydroxy- 
corticoid levels in plasma. /. Clin. Endocrinol. @ Metab., 
14: 774, 1954. 

* Dor, R. P., Fux, E. B. and Fut, M. G. Correla- 
tion of diurnal variations in cosinophils and 17-hydroxy- 
corticoids in plasma and urine. J. Endocrinol. & Metab., 
14: 774, 1954. 

7 Miceon, C. J., Tyrer, F. H., Manoney, J. P., 
Frorentin, A. A., Castries, H., Buss, E. L. and Samuets, 
L. T. The diurnal variation of plasma levels and urinary 
excretion of 17-hydroxycorticosteroids in normal subjects, 
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10 a.m. and minimal from 12 midnight to 2 a.m. 
Plasma levels of free 17-hydroxvcorticoids 
closely parallel urinary excretion curves. The 
peak values for both at about 9 A.M. are two to 
three times greater than the minimal values 
close to 1 A.M. 

Since approximately 80 per cent of the 
glucocorticoid secretion of the adrenal gland is 
cortisol and since 17-hydroxycorticoids are a 
measure of cortisol and its metabolites, they are 
the preferred metameter for following changes 
in adrenal cortical secretory activity. However, 
one cannot relate urinary total or plasma free 
17-hydroxycorticoid levels to adrenal activity 
without considering the temporal and quantita- 
tive factors which characterize the disposal of 
cortisol. When hydrocortisone is given intra- 
venously to a patient having undergone adrenal- 
ectomy who has normal liver and kidney func- 
tion, 17-hydroxycorticoids are excreted in the 
urine at a rate which is characterized by an 
exponential function of time. The time for the 
excretion of one-half of the 17-hydroxycorticoid 
present in the organism at any one time is 
approximately four hours. This relatively slow 
rate of excretion leads to cumulative effects in 
urinary excretion and makes it impossible to 
relate a single urine or plasma value directly 
to concomitant adrenal cortical secretory activ- 
ity. Using successive hourly urinary 17-hydroxy- 


night workers and blind subjects. J. Clin. Endocrinol., 16: 
622, 1956. 

* General Discussion. In: Ciba Foundation Colloquia 
on Endocrinology, vol. 8, p. 647. London, 1955. J. A. 
Churchill Ltd. 
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corticoid excretions, however, it has been found 
possible to calculate approximations of hourly 
adrenal secretions of cortisol.’ It was found that 
the adrenal secretes approximately 70 per cent 
of the daily secretion of cortisol under basal 
conditions from 12 midnight to 9 a.m. It would 
thus appear that the major portion of adrenal 
activity occurs in the early morning hours and 
during sleep. Indeed, a twofold to threefold 
change insecretory activity occurs quite regularly 
and abruptly and in apparent “‘anticipation”’ of 
the stress of daily existence. This diurnal cycle 
appears fixed for any given subject in any 
species, subject only to variations superimposed 
by changes in the external environment. These 
are mediated through the central nervous 
system and anterior pituitary adrenocorti- 
cotropin.® The cycle might conceivably be 
based upon cyclic discharges from the central 
nervous system or on rhythmic changes in the 
activity of the cells of the adrenal cortex and 
their enzyme systems. It is apparently abolished 
by hypophysectomy.® The fundamental mech- 
anisms remain to be elucidated. 

Cyclic variation in adrenal cortical activity 
is not confined to man. Dogs and Rhesus mon- 
keys!® have been studied by following changes in 
plasma 17-hydroxycorticoids, but only the 
monkey has shown striking diurnal variations 
in adrenal cortical activity. It has been studied 
exhaustively in mice by following changes in 
eosinophil levels known to be affected by 
adrenal cortical secretory activity.'! This work 
has been extended to other white blood cells as 
well.'* All of these cyclic changes are abolished 
by adrenalectomy. Just as in man, “anticipa- 
tion’’ characterizes the cycle in mice. But in this 
species, one of nocturnal habits, the maximal 
adrenal cortical secretory activity occurs during 
the day rather than at night time. 

What then determines the adrenal cortical 
cycle? Sleep habits per se? Probably not since in 
night workers the fundamental cycle did not 

* Di Ramonpo, V. The calculation of adrenal cortical 
17-hydroxycorticoid secretion from the hourly urinary 
excretion. In press. 

1° MicEon, C. J., Frencu, A. B., Samuens, L. T. and 
Bowers, J. Z. Plasma 17-hydroxycorticoid levels and 
leukocyte values in the Rhesus monkey, including normal 
variation and effect of ACTH. Am. J. Physiol., 182: 462, 
1955. 

'! HALBERG, F. Some physiological and clinical aspects 
of 24-hour periodicity. 7he Journal-Lancet, 73: 20, 1953. 

'? Brown, H. E. and DauGcuerry, T. F. The diurnal 
variation of blood leukocytes in normal and adrenal- 
ectomized mice. Fndocrinology., 58: 365, 1956, 


change, in the studies of Migeon and Samuels’ 
and in those of others.” Do visual impulses 
affect it? Presumably not since in studies on 
blind subjects no abnormalities in the cycle 
were noted.’ Moderate food intake has little 
effect if any.* In contrast, emotion, stresses or 
painful stimuli upset the basic cycle'* as the 
result of adding a corticotropin-induced rise in 
corticoid secretion. Unless a significant change 
in the diurnal cycle of adrenal cortical activits 
can be demonstrated under strictly basal condi- 
tions and in the absence of a stressful influence, 
a fundamental abnormality in the cycle cannot 
be invoked as the cause of disease. This trend 
of thought must be kept in mind when evaluat- 
ing recent attempts to correlate changes in 
diurnal variation of adrenal cortical activity 
with the presence of collagen disease or with 
some related clinical manifestations.’ Even 
if it may be difficult to demonstrate a change in 
the basic cycle in individuals and while no 
conclusive experimental proof for this has 
been presented as vet, one must keep an open 
mind in view of some of Halberg’s fundamental 
findings.'® He was able to correlate cyclic 
changes in the mitotic phases of liver tissue with 
the diurnal variation of adrenal cortical secre- 
tory activity in mice, observations pointing to 
possible future links between adrenal activity 
and connective tissue repair. 

A number of practical clinical implications 
arise from the existence of a diurnal cycle of 
adrenal cortical secretory activity. When in- 
hibition of adrenal cortical activity is desirable, 
as in the treatment of androgenic adrenal 
cortical hyperplasia, a dose of hydrocortisone 
or its derivative will prove nearly twice as eflec- 
tive when given at night as when administered 
in the morning. When adrenal cortical inhibi- 
tion is to be prevented, as in the treatment of 
allergic or collagen diseases with small doses of 
corticoids, the manner of administration of 


'S Fox, H. M. Physiological response of the adrenal 
to psychological influences as indicated by changes in the 
17-hydroxycorticosteroid excretion pattern. In: Ciba 
Foundation Colloquia on Endocrinology, vol. 8, p. 612. 
London, 1955. J. A. Churchill Ltd. 

Warp, L. D., Wu, C., Hencu, P. S.. Mason, H. L., 
Stocums, C. H., Potrey, H. F. and Mayne, J. G. 
Hydrocortisone in plasma of normal individuals and 
patients with certain rheumatic diseases. American 
Rheumatism Assn., Chicago, 1956. 

Warren, J. Diurnal plasma corticoid studies and 
their relation to morning stiffness in rheumatoid arthritis. 
American Rheumatism Assn., Chicago, 1956. 

Hacperc, F. Personal communication. 
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the dose will be critical in terms of the total 
corticoid supply achieved. Thus administra- 
tion of 10 mg. of prednisolone in one dose at 
8 a.m. will suppress spontaneous adrenal cortical 
secretory activity only during the hours of 
relative inactivity and thus become nearly 
additive to the twenty-four hour output from 
the adrenal glands: in contrast, the same dose 
given every six hours in divided doses will sup- 
press endogenous adrenal secretory activity 
during the active period of adrenal cortical 
secretion as well, so that little will be gained by 
giving the drug in that manner. In low dose 
maintenance therapy two alternatives are thus 
presented: (1) suppression of endogenous adre- 
nal cortical activity and of what might include 
harmful corticoids or (2) the addition of sorely 
needed corticoid at the time of relative lack 
without disturbing the remainder of the diur- 
nal secretory cycle significantly. When going 
through the ““weaning off” process after a high 
dose suppressive course of corticoids or corti- 
cotropin one would do well, once down to low 
dosage, to administer it all in one dose at 8 a.m. 
so as to allow the anterior pituitary corticotropin 
secretion to return gradually while supporting 
the patient with corticoid when receiving a 
minimal endogenous supply. 

The concept of a cyclic variation in adrenal 
cortical activity is not usually taken into account 
when providing substitution therapy in Addi- 
son's disease. In fact, because of the stimulating 
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effect that most patients experience when given 
corticoids, even in small amounts, the bulk is 
administered during the daytime and little if 
any is given in the evening. Thus the diurnal 
adrenal cortical cycle is reversed while eating 
habits remain the same. Could this lack of 
proper reproduction of diurnal variation ac- 
count for the fact that persons with Addison’s 
disease on a dose of corticoid barely sufficient 
to prevent appearance of pigmentation none- 
theless show rounding of the face and obesity 
similar to the early changes of Cushing’s syn- 
drome? The lack of a proper mixture of hor- 
mones might be as important but the dynamic 
aspects must also be considered. 

At the tenth anniversary of the demonstration 
of the spontaneous, diurnal variation in 1/-hy- 
droxycorticoid’ secretion by the adrenal cortex 
in man, with its anticipatory characteristics and 
apparent regulatory effect on the growth of 
somatic tissues, this emerges as an exciting 
physiologic phenomenon with potential pathol- 
ogic ramifications and it carries a number of 
practical therapeutic consequences in the use 
of corticoids. 

Vincent C. Dt Rammonpo, and 
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IABETES mellitus is a disease implying a 
D relative or absolute deficiency of insulin. 
Many persons with diabetes require daily in- 
sulin in excess of that necessary in depancrea- 
tized man. Certain middle-aged obese diabetic 
persons (maturity-onset type) have 70 per cent 
of the normal level of measurable circulating 
insulin’ and also near-normal levels of pancreatic 
insulin.» Morphologic changes in the pancreas 
are often absent or minimal.*:* On the other 
hand persons with juvenile diabetes (growth- 
onset type) more frequently have markedly, 
decreased circulating and pancreatic insulin 
levels, reflecting an absolute deficiency of 
hormone. 

The diabetic state provoked in animals by 
excessive feeding of carbohydrates’ or adminis- 
tration of growth hormones*‘* or adrenocortico- 
trophic and adrenocortical hormones*'® may 
be preceded by initial overproduction of insulin, 
followed by degranulation and degeneration of 
the beta cells. Since the middle-aged, obese 
person with diabetes is relatively insulin-in- 
sensitive compared to most persons with juvenile 
diabetes, it has been conjectured that contra- 
insulin factors may play a part in both the 
etiology and course of this type of diabetes. 
Among the factors to be considered are (1) 
endocrine antagonists—the pituitary and adre- 
nal hormones, (2) increased destruction or 
rejection of insulin at the cellular level, (3) 
immunologic mechanisms—the development of 
antibodies to exogenous or even endogenous 
insulin, and (4) unknown extracellular factors 


tending to impede the distribution of insulin to 
the tissues. 

In the past, efforts to study insulin metabolism 
have been beset with many difficulties, chiefly 
because of the minute concentrations of the 
hormone and the difficulty of accurately assaving 
the effect of insulin on carbohydrate metabolism. 
The development of isotope technics has made 
it possible to trace small quantities of labeled 
insulin in the living organism and to study its 
distribution and eventual fate.''~'* This study 
was undertaken to determine differences, if any, 
in the metabolism and distribution of insulin 
[-131 in persons with and without diabetes, and 
to investigate the cause and significance of such 
differences. 

It was found that intravenously injected 
labeled insulin was retained in the plasma of 
many insulin-treated persons with diabetes 
longer than in those without diabetes. Jn vitro 
plasma binding was demonstrated to be corre- 
lated grossly with the in vivo abnormalities. In 
those instances tested, plasma capable of binding 
insulin was shown to have a definite protective 
influence against insulin hypoglycemia in mice. 
A plasma-binding factor is thus proposed as 
affecting insulin metabolism in many insulin- 
treated persons with diabetes. 


MATERIALS AND MEASUREMENTS 


Patients and house staff from the King County 
Hospital and the Veterans Administration Hospital 
were used in this study. Unless otherwise noted, all 
subjects fasted from midnight prior to the study and 


*From the Department of Medicine, University of Washington School of Medicine, Seattle, Washington. Sup- 
ported in part by grants-in-aid from the United States Public Health Service, the Atomic Energy Commission and ‘The 


Upjohn Company. 
+ Present address: Burlington, Vermont. 
{ Present address: Walla Walla, Washington. 
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insulin was withheld from diabetic subjects tor twenty- 
four hours. 

Tissues from adult non-fasted male and temale 
Sprague-Dawley rats weighing between 200 and 
100 om. were used for m erro studies. The animals 
were sacrificed by cerebral concussion, and the tissues 
were removed immediately and placed in 0.067 M 
phosphate buffer (pH 7.5) at 5°c. Whole diaphragms, 
trimmed of non-muscular tissue, were quartered and 
again trimmed to equalize weights. One-quarter 
of each diaphragm was used in each of four incuba- 
tion media to allow comparison with a control within 
each experiment. Liver slices of approximately equal 
size, thickness and weight were prepared. Liver 
homogenate was freshly prepared by grinding a 
weighed aliquot of liver in a Misco homogenizer with 
phosphate buffer. Male white Swiss mice weighing 
15 to 25 gm. fasted for five hours, were used for 
bio-assay of insulin hypoglycemic activity. Blood 
samples (0.1 ml.) were obtained from the tail vein by 
aspiration in a heparinized Normax capillary pipette. 

Insulin. Highly purified crystalline zine insulin 
(beef),* assayed at 26 to 27 units per mg., was radio- 
iodinated by the Abbott Laboratories at Oak Ridge, 
Tennessee. The degree of iodination and the proper- 
ties of insulin I-131 have been previously described in 
detail in publications originating from this labora- 
tory." The specific activity ranged between 332 and 
3,798 microcuries per mg. The radioactivity of the 
insulin I-131 solution was 85 to 95 per cent precipita- 
ble with trichloroacetic acid (T'CA) in the presence of 
a 2 per cent solution of dried human plasma. After 
dialysis for 12 to 16 hours against 0.067 M phosphate 
buffer at 5°c., 97 to 99 per cent of the total radio- 
activity was precipitable with TCA. 

Amorphous insulin, assayed at 21 units per mg. 
was used in the tn otro and bio-assay experiments. 

Radioactimty. Since intact insulin 1-131 is precipi- 
table by trichloroacetic acid (TCA), it was assumed 
that all radioactivity so precipitated from plasma was 
bound to insulin. It has been shown by Tomizawa et 
al.'* that increase of TCA-soluble radioactivity result- 
ing from incubation of a mixture of amorphous and 
labeled hormone with liver homogenate is associated 
with an increase in the non-protein nitrogen and a 
proportional decrease in biologic activity, implying 
proteolysis of the insulin molecule and concurrent 
biologic inactivation. Accordingly, it was assumed 
that all TCA-soluble (non-protein—bound) radioactiv- 
ity represented degradation products of insulin I-131 
and that all TCA-precipitable (protein-bound) 
radioactivity represented intact insulin I-131. This 
assumption was made for convenience in interpreting 
the results. 

The method of precipitating samples of TCA and 
preparing them for measurement of radioactivity has 
been described in detail previously by Elgee et al."! 


* Supplied by Dr. O. K. Behrens of the Eli Lilly 
Company. 
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Epithyroid radioactivity in human subjects was 
esumated with a scinullation counter and compared 
appropriate standards. 

Plasma Volume. In order to estimate the dilution 
of the dose of insulin I-131, the plasma volume of 
human subjects was calculated from the height and 
weight (using the DuBois Tables for derivation of 
body surface area), the venous hematocrit and the 
factor 3.3 L. blood volume per square meter of body 
surface.'* While this method is not as accurate as 
more direct measurements of plasma volume, it served 
to eliminate some of the variables between subjects 
and allowed closer correlation of results in the control 
series. The protein-bound and non-protein—bound 
radioactivity in the plasma and urine could then be 
expressed as a percentage of the respective radioactiv- 
ity in the administered dose. 

Blood Sugar. ‘The glucose content of the tail vein 
blood of mice was determined by the method of Nel- 
son and Somogyi.'*!? 


IN VIVO STUDIES 


A total of 118 in vive experiments were con- 
ducted in 106 subjects, forty-three without and 
sixty-three with diabetes. (Table 1.) 

Fasted subjects were given non-dialyzed 
insulin I-131 in physiologic saline solution intra- 
venously over a two minute period. The ad- 
ministered radioactivity varied between 50 and 
200 microcuries, with insulin dosage ranging 
from 0.5 to 5.0 units. At the time of injection 
each subject was given 10 gm. of glucose per os 
per unit of insulin administered. At predeter- 
mined times venous blood samples were with- 
drawn in heparinized syringes and centrifuged. 
The plasma was removed and processed with 
TCA before assaying for radioactivity. It has 
been shown previously that the binding of insu- 
lin 1-131 by erythrocytes is In 
many subjects the cumulative sixty-minute 
urinary excretion of radioactivity was measured, 
and in some subjects epithyroid radioactivity 
was measured one hour after injection. 

Non-diabetic Control Subjects. The rate of dis- 
appearance of intact insulin I-131 (TCA-pre- 
cipitable radioactivity) from the plasma of 
thirty-nine non-diabetic subjects is shown by the 
solid curve in Figure 1. At three minutes after 
beginning the intravenous injection the maxi- 
mum concentration of intact labeled insulin in 
any subject’s plasma was 72 per cent. Variations 
in the plasma concentrations were large in the 
initial rapid distribution phase for fifteen min- 
utes following injection but became progressively 
smaller during the later slower distribution 


326 


Insulin I-131 Metabolism in Man 


TABLE 1 


Welsh et al. 


CHARACTERISTICS OF HUMAN SUBJECTS 


Dose 
Insulin Diabetic Complications 
I-131 Duration Insulin 
Subject in Diabetes Require- (ther Observations 
No. (yr.) | (yr.) ments Neu- Ne- 
(% at (units) sili rop- phrop- 
| 60 min.) | | athy athy 
Non-Diabetic Control Group 
3 35 Uterine fibroids, hysterectomy 
4 M 5.9 i Rheumatic heart disease, 
inactive 
7 | M 6.5 Healthy 
8 | F 6.6 49 ., Benign hypertension 
9 | F 6.6 21 .| Pregnancy; epilepsy 
10 | M 6.9 Healthy 
11 | M 6.9 Arteriosclerotic heart disease; 
| | syphilis, latent 
12 iM 7.0 50 Cirrhosis of the liver, mild 
13 | M 28 Healthy 
15 M 30 Healthy 
16 F ° ie 34 Cirrhosis of the liver, severe 
17 | F 7:5 Metastatic carcinoma breast 
18 | M ne 34 Multiple sclerosis, inactive 
19 | M 8.0 33 Healthy 
21 M 8.5 23 Active rheumatic carditis; 
ACTH therapy 
| | hysterectomy 
26 _| Uterine fibroids; hysterectomy 
27 | ee 9.0 | ee oe Cirrhosis of the liver, severe 
| 
31 M 10.0 Chronic alcoholism 
inactive 
| | _ surgery under anesthesia 
| | prostate; uremia 
| therapy 
| active (?) 
Other Non-Diabetic Subjects 
*See footnote on page 328. 
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Dose 
Insulin Diabetic Complications 
Insulin 
Subject’ ¢ Age Duration Require- 

No * Sex in r.) Diabetes 

(% at | (units) anti rop- phrop- 

min.) athy athy 
Diabetic Control Group 
44 M 6.0 25 17 0 
45 M 6 2 9 2 Untreated 0 0 0 
46U M 6 2 37 ~weeks (7) Untreated 0 0) () 
lu M 37 weeks Untreated 0 
48 7.§ 60 4 20 + 
49 i 2 36 2 mo. 12 0) 7 7 
50 5 66 3 mo. 35 + 
M 90 66 23 35 4 
52 9 4 57 15 + + 4 
M_ 100 66 | 23 35 4 
54 10.0 3 25 ++ ~ 
56A M 10 5 29 11 60 afi. 
57 M/ 12.0 | 45 | 4 | +++ 0 ++ 
58 12.7 weeks ~Untreated 0 0) 0 
59 M 13.0 8 10 | 35 he 
60F 13.1 66 Untreated 0 0 0 
61 M 13 2 67 Sweeks Untreated () 0) 
62D M 14.0 23 60) 
63 F 14.0 64 lly 24 oa + + 
64 M 14.0 73 5 (7) Untreated ~+ + + + + 
65 M 14.0 77 7 40) | + eS 4. 
a | 80 4 4 
67 | M 15.0 33 | «9 60 +- + + 
68 M 15.0 50 | «5 mo. 35 ++ 
69 M 15.4 63 2 10 +++ A. ow 
TOI M 15.5 36 18 60 4. + + + 
71 F 16.0 33 2's 24 + + + 
72 17.0 47 5 0 + 
73 51 6 40 + + 
74 18.0 71 | 20 85 +++ + + 
75 19.7 65 22 + + + 
76 M 20.0 64 I Bt + + + 
Mi 21.0 42 6 60 + + 
78F F 22.0 66 lhy 20 + + + 
79 | 2.0 ia 15 + + + 
M 24 0 66 4 15 +++ + + +++ 
81 M | 24.0 - ta 40 + + + 
82 19 5 56 + 
25.0 44 8 + + + 
84B Mi 23.0 | | 10 38 +++ + 0 
B5A Mi; 27.0 | 12 60 | + 
86 M 27.0 44 15 + 
| Acidosis 

87 29.0 | 73 |14 10 + 
M 30.0 £42 6 42 + +. 
89 30.0 58 10 50 + 


Other Observations 


None 

Obesity 

Obesity 

Obesity 

None 

None 

Hypertensive cardiovascular 
disease; cerebrovascular 
accident 

Leg amputation 

Leg amputation 

Leg amputation 

Arteriosclerotic heart disease 

Arteriosclerotic heart disease 

Upper respiratory infection; 
epilepsy 

Hemochromatosis 

Obesity 

None 

Carcinoma of the breast 

None 

Leg ulcers 

Nodular goiter, non-toxic 

None 

Pneumonia 

None 

Leg ulcer 


_Hemochromatosis 


Chronic pyelonephritis; uremia 
None 
None 


Hypertensive cardiovascular 


disease 
None 


None 


None 
None 


Lung abscess, healing 
Carcinoma of the breast 
-Acromegaly, untreated 


Hypertensive cardiovascular 
disease 


Mental defective 


Upper respiratory infection 
None 
Mental defective 


Epilepsy 


Alcoholism 


Latent syphilis 


Lung abscess, healing 
_Arteriosclerotic and hyperten- 


sive cardiovascular disease 
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‘TABLE 1 (Continued) 


| Dose 
Insulin Diabetic Complications 
(% at (units) eu rop- phrop- y 
60 min.) athy athy 
90 30.0 38 4 48 + None 
91 30.0 55 4 40) + None 
92 M 30.0 17 80 None 
93 30.0 28 10 50 None 
94B M 33.0 30 65 Mental defective 
95 64 | 27 60 ++ + Leg amputation 
96 M 40.0 37 2 110 + + Acromegaly, arrested 
98 i 40.0 46 8 8 aa + + Arteriosclerotic and hyperten- 
sive cardiovascular disease 
99 43.0 69 10 50 Obesity 
| Ketosis 
100 64 + + + Arteriosclerotic and hyperten- 
| | sive cardiovascular disease 
i Mi: 470 84 50 None 
102 | M| 49.0 21 13 40 + + ++ + +++ + Uremia 
103V | F 50.0 54 3 0 + +++ Chronic cholecystitis; hyper- 
tensive cardiovascular disease 
104 M 52.0 34 11 50 + t+++4 + None 
105 M 54.0 26 8 mo. 40) + ¢ Postpancreatectomy ; 
insulinoma 
106 mi 2 18 + + Calcified head of pancreas 
1078S M 60.0 70 6 40) ++ rt t Leg amputation 
108S Mi 62.0 70 6 40) +++ + + + Leg amputation 
109 | F 62.0 43 17 34 + + ~ + Hypertensive cardiovascular 
disease 
111 1M: 65.0 64 11 50 ++ + + None 
112E | M 72.0 60 +++ ++ +++ Pyelonephritis, chronic 
113 | F 75.0 30 7 34 ++ + + None 
11i4E | M 79.0 33 12 60 TTT + + +++  Pyelonephritis, chronic 
11I5E | M 81.0 33 12 60 + ++ + + +++  Pyelonephritis, chronic 
116 M 85.0 83 7 40 + + + Cystitis; arteriosclerotic heart 
| disease 
4 F 90.0 54 3 0 + +++ + Pancreatitis; cholecystitis; 
| hypertensive cardiovascular 
| disease 
118 iM 90.0 61 23 50 ++ Leg amputation 


* Letters accompanying subject numbers indicate duplicate experiment on same subject. 


+ Insulin shock therapy four months. 


{~ Complications are indicated in the following manner: + = minimal; ++ = mild; +++ = moderate; 


++++ = severe. 


phase. Therefore at sixty minutes between 4.5 
and 13 per cent of the dose remained in the 
plasma. At 180 minutes 3.6 per cent still re- 
mained, while at twenty-four hours only 0.5 per 
cent of the dose could be measured in the 
plasma of one subject. Of the control series, 
seven subjects were in excellent health, nineteen 
were convalescing from surgery or minor ill- 
nesses and thirteen had severe illnesses. It is 


noteworthy that in all the ill subjects labeled 
insulin disappeared as rapidly from the plasma 
as in the seven entirely healthy subjects. Of 
particular interest are the results in patients 
with severe disease of the liver and kidney. The 
studies of Weisberg et al.'* showed that less 
hypoglycemia was present in dogs following 
insulin injection into the splenic vein than when 
administered into the femoral vein, indicating 
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that liver inactivates insulin. Studies of rats by 
Elgee et al.'' have shown that the liver and 
kidneys are major sites of concentration and of 
subsequent degradation of insulin; hence it was 
postulated that extensive pathologic changes in 
either organ might be reflected in increased 
retention in the plasma and decreased degrada- 
tion of insulin 1-131. However, in two patients 
(Nos. 16 and 46) who had severe cirrhosis of the 
liver and in two others (Nos. 25 and 37) who 
had severe disease of the kidney, labeled insulin 
was not retained in the plasma to any greater 
degree than in the others in this series. On the 
other hand, in a third subject (No. 40) who had 
severe disease of the kidney 18 per cent of the 
labeled insulin dose was retained in the plasma 
at sixty minutes, which is significantly higher 
than that of the non-diabetic control group as a 
whole and may be due to failure of the kidneys 
to concentrate and degrade labeled insulin. The 
only other non-diabetic subject showing a sig- 
nificantly elevated plasma level of labeled 
insulin was an acromegalic (No. 41) in whom 
18 per cent was retained at sixty minutes. This 
subject had never been treated with insulin and 
had never showed signs, symptoms or labora- 
tory evidence of diabetes mellitus. These two 
latter subjects are not included in the control 
group. Other metabolic abnormalities, such as 
thyrotoxicosis, and ACTH or steroid therapy 
did not retard the rapid disappearance of 
labeled insulin from the plasma. 

Degradation Products of Insulin I-131 (TCA 
Supernatant Radioactivity). Although the admin- 
istered labeled insulin solution initially contained 
between 5 and 10 per cent non-precipitable 
radioactivity, little of this activity was recover- 
able from the plasma within 3 to 4 minutes 
after beginning the injection and presumably 
was rapidly diffused out of the blood stream. 
However, as shown in Figure 1, this fraction 
then increased rapidly to an average of 11.4 per 
cent at sixty minutes and then slowly decreased. 
This suggests that the degradation products of 
insulin I-131 enter the blood stream faster than 
they are cleared. 

Urinary radioactivity excretion was meas- 
ured in sixteen control subjects, and averaged 
10 per cent of the administered dose at sixty 
minutes. The twenty-four hour excretion, meas- 
ured in eight control subjects, averaged 73 per 
cent. Ninety-five per cent of the urinary radio- 
activity was non-precipitable with TCA and 
therefore constituted degradation products of 


SEPTEMBER, 1956 


329 


labeled insulin, which agreed with the findings 
of Mirsky et al.,*! Cutting*® and Elgee et 
that a negligible amount of insulin is excreted 
in the urine. 

Epithyroid radioactivity concentration, meas- 
ured sixty minutes after injection of labeled 


- PLASMA RADIOACTIVITY FOLLOWING INTRAVENOUS 

80- INSULIN-!'>! IN NON-DIABETIC CONTROLS 

—— insucin-i'>! 

90 120 


Fic. 1. Insulin I-131 disappeared rapidly from the plasma 
of thirty-nine non-diabetic subjects after intravenous 
administration. The brackets indicate the range of 
values at each time interval after injection. At 60 minutes 
an average of 8.3 per cent of the dose of labeled insulin 
remained in the plasma. Degradation products of 
insulin I-131 constitute the difference in values between 
the total radioactivity and the insulin I-131 (protein- 
bound) radioactivity curves. 


insulin, in nine control subjects averaged 9 per 
cent of the administered dose. 

These findings suggest that labeled insulin not 
only disappears rapidly from the plasma of non- 
diabetic subjects but that it is also degraded 
rapidly by the tissues and that the degradation 
products are cleared by the kidney. The increase 
in thyroid radioactivity suggests that I-131 is 
eventually released after degradation of labeled 
insulin and is concentrated in the gland. 

Diabetic Subjects Not Recewing Insulin Therapy. 
Six subjects (Nos. 45, 46U, 58, 60F, 61, 64) with 
diabetes had never received insulin therapy. At 
sixty minutes the subjects in this group had an 
average of 11 per cent of the dose of labeled 
insulin remaining in the plasma and an addi- 
tional 10 per cent of the radioactivity in the 
degradation products fraction. These values are 
within the range of results obtained in the con- 
trol series. 


Insulin-Treated Diabetic Subjects. Fifty-seven 


patients with diabetes who had been treated 
with insulin for at least six weeks were studied. 


| 
MINUTES 
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In twelve of these a greater percentage of 
labeled insulin was not retained in the plasma 
than was retained in the subjects in the control 
series. On the other hand, forty-five (79 per 
cent) of the group showed significant retardation 
in the rate of disappearance of labeled insulin 


PLASMA CONCENTRATION INSULIN-I'>! IN 
DIABETICS AND NON- DIABETICS 
(60 min. after injection) 


75-84 Non-diabetics 

2) 

on | Insulin treated 

69°74 non-diabetics 

= 55-64 insulin trected] 
£2] untreoted 
45-54 

= 

35-44 

& 15-24 

ae 


NUMBER OF SUBJECTS 

Fic. 2. Illustrating the number of non-diabetic and dia- 
betic patients who retained different percentages of the 
dose of insulin [I-131 in their plasma 60 minutes after 
injection. Whereas thirty-nine controls and eighteen 
diabetics (including six untreated) retained between 5 to 
14 per cent, forty-five insulin-treated diabetics and two 
schizophrenics retained 15 to 90 per cent of the dose. 


from the plasma. At sixty minutes between 
15 and 90 per cent of the dose of labeled insulin 
remained circulating in the plasma. Figure 2 
illustrates the number of subjects who fall into 
each tenth percentile group. Only four non- 
diabetic subjects are in the diabetic group. Two 
of these have been discussed with the control 
series and the other two were insulin shock- 
treated schizophrenic subjects who are to be 
considered subsequently. Individual curves of 
plasma concentration of labeled insulin in the 
persons with diabetes (not illustrated) show that 
the retarded rate of distribution occurs mainly 
in the early period following injection so the 
curves are much flatter. 

Figure 3 illustrates that proportionally less 
degradation products of labeled insulin were 
present in the urine and plasma of subjects 
exhibiting increased retention of intact labeled 


hormone in the plasma. The twenty-four hour 
urinary excretion of radioactivity was meas- 
ured in three diabetic persons and averaged 
55 per cent, compared to 73 per cent in eight 
control subjects. Epithyroid radioactivity was 
measured in six diabetic persons and averaged 


DEGRADATION PRODUCTS OF INSULIN I-'3! 
DIABETICS AND NON-DIABETICS 
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% DOSE RADIOACTIVITY IN DEGRADATION PRODUCTS 


hic. 3. The relationship between the amount of intact 
insulin I-131 retained in the plasma (ordinate) and the 
total measurable degradation products in the plasma and 
urine 60 minutes after injection. There are proportionally 
less degradation products in both the plasma and urine 
when there is greater retention of intact labeled hormone 
in the plasma, indicating protection from degradation. 


5.6 per cent, compared to 9 per cent in nine 
control subjects. 

Correlation of Results with Clinical Characteristics 
of Subjects. Table 1 lists the pertinent charac- 
teristics of the diabetic patients. These data are 
arranged in order of increasing percentage of 
labeled insulin retained in the plasma at sixty 
minutes, in order to assess any correlation be- 
tween clinical characteristics and the observed 
experimental results. It has already been noted 
that six patients with diabetes who had _ not 
received insulin therapy showed no increased 
retention of labeled insulin in the plasma. How- 
ever, one subject in that group (No. 60F), 
while retaining 13 per cent of the dose prior to 
insulin therapy, was retested six weeks after 
insulin therapy was started and plasma reten- 
tion was found to have increased 22 per cent 
(No. 78F). 

In the forty-five insulin-treated diabetic sub- 
jects who retained more than 15 per cent of the 
dose of labeled insulin in the plasma at sixty 
minutes marked variations were noted in age, 
duration of diabetes, insulin requirements, 
blood sugar content and degree of vascular, 
renal and neural complications of diabetes. 
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None of these variable characteristics could be 


correlated with the abnormalities disclosed by | 


the experimental procedure. 

Some of the insulin-treated diabetic subjects 
warrant individual comment. In subject No. 
105, in whom diabetes secondary to subtotal 
pancreatectomy had developed and who had 
been treated with 40 units of insulin for eight 
months, 54 per cent of the dose of labeled in- 
sulin was retained in the plasma at sixty min- 
utes. In subject No. 117V, who required no 
therapeutic insulin at the time of testing, 90 per 
cent of the dose was retained in the plasma at 
sixty minutes. This patient, however, was 
subject to recurrent attacks of pancreatitis 
during which hyperglycemia and glycosuria 
developed to such an extent that intermittent 
insulin therapy was required. In neither of two 
subjects with diabetes secondary to hemo- 
chromatosis (Nos. 68 and 57) were increased 
percentages of labeled hormone retained in the 
plasma. Five labile diabetic patients (Nos. 56A, 
73, 94B, 104, 115E) were given labeled insulin 
to determine whether or not insulin sensitivity 
was reflected in rapid disappearance of the 
labeled hormone from the plasma. Plasma 
retention varied as markedly as in the entire 
series of the diabetic subjects chosen at random. 
However, in one labile diabetic person 10 per 
cent of a dose was retained in the plasma while 
convalescing after diabetic acidosis (No. 56A), 
but ten months later 27 per cent (No. 85A) was 
retained. In the interim the subject’s insulin 
requirements had not changed and the clinical 
condition had been good, but satisfactory con- 
trol of alternating hyperglycemia and hypo- 
glycemia had become more difficult to achieve. 

Insulin Shock-Treated Schizophrenic Persons. In 
order to investigate the effect of insulin adminis- 
tration per se on the plasma retention of labeled 
insulin, two schizophrenic patients were studied. 
Each had received courses of insulin-shock 
therapy for four months prior to testing with 
labeled insulin. Subject No. 42 retained 26 per 
cent and subject No. 43 retained 33 per cent of 
the dose in the plasma at sixty minutes. Neither 
of these patients exhibited signs or symptoms of 
diabetes mellitus prior to or after insulin-shock 
therapy. 

Variations of Experimental Conditions. Varying 
the dose of insulin in four subjects who were 
tested on two occasions did not alter the results, 
the curves of plasma insulin I-131 concentration 
being virtually superimposable. 
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To investigate the possibility of enhancing 
plasma retention of labeled insulin, therapeutic 
insulin was withheld from one subject for ninety- 
six hours (No. 101X). This resulted in 47 per 
cent plasma retention compared with 25 per 
cent two months previously when insulin was 
withheld for only twenty-four hours (No. 83%). 
In the interval between tests this patient’s condi- 
tion had become more difficult to control and 
the insulin requirement had increased from 30 
to 50 units. In another subject 79 per cent of 
the dose was retained after insulin was withheld 
for forty-eight hours (No. 114E) and 72 per cent 
and 81 per cent on two other occasions (Nos. 
112E and 115E) when insulin was withheld for 
only twenty-four hours. Clinically, this patient’s 
insulin requirements and course had been rela- 
tively stable over the eight months during which 
the three tests were performed. 

Conversely, the consideration that plasma 
retention of labeled insulin might be decreased 
by insulin loading of diabetic patients prior to 
testing was investigated. In three non-fasting 
subjects therapeutic insulin was not withheld, 
and fifteen minutes prior to administration of 
labeled insulin each subject was given 0.1 unit 
of regular insulin per kilogram of body weight 
intravenously. One subject, in whom 60 per 
cent was retained under standard experimental! 
conditions two days previously (No. 1075), 
retained 62 per cent with insulin loading 
(No. 1088S). Another subject in whom 23 per 
cent was retained under standard conditions 
six: weeks earlier (No. 771) plasma retention 
increased to 30 per cent with an insulin load 
(No. 88T). In a third subject in whom 33 per 
cent was retained six weeks earlier (No. 94B) 
retention decreased to 25 per cent with loading 
(No. 84B). 

Consideration of these data demonstrates a 
single common’ factor, namely, that in the 
majority of human subjects who have received 
insulin therapy, insulin I-131 is retained in the 
plasma longer and to a greater degree than in 
subjects who have not received therapeutic 
insulin. Alterations in procedure, in terms of 
loading or withdrawal of therapeutic insulin, or 
varying the dosage of labeled insulin did not 
change the results in any consistent manner. 
Differences in degree of plasma retention were 
noted over time intervals of weeks or months, 
which may suggest a changing response to 
insulin therapy. 

Interpretation of the results suggested that in 
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Fic. 4. The correlation between the in vivo plasma retention of insulin I-131 60 minutes after injection and the 
tissue-binding and degradation of labeled insulin in vitro. Two experiments with separate controls are shown. 
The controls and diabetic subject numbers are noted on each abscissa. Plasma from diabetic subjects in each 
experiment proportionally reduces the amount of labeled insulin bound to and degraded by rat liver and 
diaphragm, compared to each control. The greater the plasma retention in vivo, the less is the amount of insu- 
lin I-131 bound and degraded by tissues in vitro. Percentages of insulin I-131 doses in vitro are expressed per 100 
mg. of tissue and time intervals of incubation are indicated. 


insulin-treated patients either insulin is bound in 
the plasma or rejected at the cellular level. 
Either instance might well decrease effective 
biological activity. 

To separate these alternatives an in vitro 
experimental system was devised. It has been 
shown by Stadie®* that insulin will bind firmly 
to rat diaphragm and Mirsky**?4 has demon- 
strated that labeled insulin is degraded by liver 
slices and homogenate and by muscle. If there 
were factors in plasma that would bind insulin, 
the amount of degradation of labeled insulin 
might be decreased and less labeled insulin 
might be available for binding to tissues. 


IN VITRO STUDIES 


In these experiments 1 ml. of phosphate 
buffer solution (pH 7.5) containing 1 ug. 


(0.027 unit) of dialyzed labeled insulin was pre- 
incubated at 37°c. for five minutes with 1 ml. of 
heparinized diabetic or normal plasma and then 
incubated with pieces of rat diaphragm, or liver 
slices or 1 ml. of a liver homogenate. This 
experimental system provides an excess of 
degradative enzyme so that any factor tending 
to reduce available insulin I-131 substrate con- 
centration will be reflected in a decreased 
amount of degradation products formed. At a 
predetermined time the reaction was terminated 
by pouring the incubation medium into TCA. 
The liver slice or quarter diaphragm was rinsed 
with 1 ml. of phosphate buffer, blotted with filter 
paper and then dissolved in potassium hy- 
droxide. The buffer rinse was added to the 
incubation mixture in TCA. Subsequent proces- 
sing and measurement of radioactivity in the 
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samples was done according to methods pre- 
viously described.'' Experiments were run in 
duplicate. 

The results of two experiments utilizing liver 
slices and quarter diaphragms are shown in 
Figure 4. Plasma samples were selected from 
diabetic subjects in whom different degrees of 
retention of labeled insulin in vive were demon- 
strated. Each study included separate control 
non-diabetic plasma. It is apparent that the 
greater the concentration of insulin I-131 re- 
tained in the plasma in vivo, the less labeled 
hormone was bound to and degraded by rat 
tissues in vitro. 

The plasma of thirty diabetic subjects was 
then studied, utilizing liver homogenate suspen- 
sions. These homogenates were much more 
active than intact tissues in their ability to 
degrade labeled, insulin. Hence it was possible 
to demonstrate more rapidly the presence of 
factors protecting insulin 1-131 from degrada- 
tion. In the presence of normal plasma about 
25 per cent of the I-131 radioactivity was dem- 
onstrable in the TCA supernatant fraction 
(degradation products) after ten minutes of 
incubation. When diabetic plasma was substi- 
tuted for normal plasma, degradation of the 
labeled insulin was depressed to varying degree, 
as reflected by a decrease in the TCA-superna- 
tant. To enable comparison of individual 
experiments, each with its own control, the 
degradation of insulin I-131 in diabetic plasma 
is expressed as a percentage depression of the 
degradation taking place in normal plasma. This 
percentage is an index of the inhibition of 
degradation by diabetic plasma factors. Figure 
5 illustrates the correlation between the amount 
of intact labeled insulin retained in the plasma in 
vivo and the depression by plasma of degradation 
by liver homogenate after ten minutes of incuba- 
tion in vitro. As in the studies with liver slices and 
diaphragms, there is proportionately less de- 
gradation of labeled insulin in vitro in the plasma 
of diabetic subjects in whom higher concentra- 
tions of insulin [-131 are retained in the plasma 
in viwo. 

Attempts to enhance or decrease plasma reten- 
tion of labeled insulin in vivo by varying the 
amounts of non-labeled insulin administered 
preceding the test, in the manner described, 
met with no success. However, using the in vitro 
liver homogenate system it was possible to add 
relatively large amounts of unlabeled amorphous 
insulin. (The addition of 1 ug. of labeled insulin 
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to 1 ml. of human plasma in vitro is equivalent 
to adding 78 units of insulin to a total plasma 
volume of 3,000 ml. in vivo.) It was reasoned that 
if the delayed distribution and degradation of 
insulin I-131 in diabetic subjects represented 
binding to a plasma factor, the preliminary 
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Fic. 5. The correlation between the in vivo retention of 
insulin I-131 60 minutes after injection and the inhibi- 
tion of degradation of insulin I-131 by the rat liver 
homogenate in the presence of diabetic plasma, in vitro. 
The greater the retention in vivo the greater is the protec- 
tive effect of diabetic plasma inhibiting degradation of 
the labeled hormone in vitro. 


addition of unlabeled insulin to such plasma 
might serve to saturate binding sites. Therefore, 
labeled insulin added later would not be bound 
and hence could be degraded more rapidly. 
This hypothesis was tested with several speci- 
mens of diabetic plasma and the results are 
illustrated by Figure 6. Whereas the addition of 
amorphous insulin in increasing amounts to 
normal control plasma progressively depressed 
degradation of labeled insulin by liver homo- 
genate, it did not depress degradation as rapidly 
or as uniformly in the presence of diabetic 
plasma. In normal plasma, added amorphous 
insulin apparently competed for the degradative 
enzyme system and hence depressed degradation 
of labeled insulin. However, plasma of those 
diabetic subjects (Nos. 100,:108 and 110), 
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which alone greatly inhibited the degradation of 
1 ug. of labeled insulin, apparently bound up to 
5 we. of amorphous insulin and “saturated” 
binding sites. Here amorphous insulin seemed 
to compete with labeled insulin for binding sites 
and thus allowed insulin I[-131 to remain more 
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EFFECT OF DIABETIC PLASMA ON THE DEGRADATION 

OF INSULIN-I'3! BY LIVER HOMOGENATE (As modified 

by the preliminary oddition of omorphous insulin) 
Fic. 6. Comparison of the effect of adding amorphous 
insulin to plasma prior to adding insulin I-131 and rat 
liver homogenate. The subsequent degradation of insulin 
I-131 in control plasma was proportionally depressed 
by increasing amounts of amorphous insulin. Diabetic 
plasma from subjects No. 84 and No. 79 initially de- 
pressed degradation of labeled insulin 16 and 23 per ceat, 
respectively. The addition of 5 micrograms of amorphous 
insulin further depresses degradation, but less abruptly 
than in control plasma. Adding 5 yg. amorphous insulin 
to diabetic plasmas of subjects No. 100, 110, 108 caused 
an increase rather than a depression of degradation of 
labeled insulin. The increase in degradation with amor- 
phous insulin is greater when diabetic plasma, which 
alone markedly depressed degradation of labeled insulin, 
is used. The graph illustrates that amorphous insulin 
competes with labeled insulin for plasma-binding factors. 
The quantity of labeled insulin used is constant, namely, 
1 wg. (0.027 unit). 1 ml. plasma and 1 ml. of 1 per cent 
rat liver homogenate (in phosphate buffer) were used. 


freely available for degradation. As illustrated, 
the net result was increased rather than de- 
creased degradation of labeled insulin initially. 
This phenomenon was not as striking when dia- 
betic plasma which inhibited degradation mini- 
mally (Nos. 84 and 79) was used, although 
depression of degradation following addition of 
amorphous insulin was not as rapid as in control 
plasma. 

If a large excess of amorphous insulin (30 yg.) 
was added to 1 ug. of labeled insulin and incu- 
bated with plasma and liver homogenate, the 
depression of degradation of the labeled insulin 
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was the same whether or not diabetic or normal 
plasma was used. It was only when a small 
amount (1 wg.) of insulin 1-131 alone was used 
that the inhibitory effect of diabetic plasma 
could be demonstrated to best advantage. 
Other experiments have shown that the use 
of either serum or oxalated or heparinized 
plasma from the same diabetic subject did not 
influence the observed depression of degradation 
of labeled insulin. Similarly, the ingestion of 
food or the administration of therapeutic insulin 
prior to obtaining blood samples did not in- 
fluence the results. Boiling normal plasma in- 
creased its inhibitory effect on labeled insulin 
degradation but decreased the inhibitory effect 
of diabetic plasma, so that degradation was the 
same in both boiled normal and boiled diabetic 
plasma. Repeated rapid freezing and thawing 
of control and diabetic plasma five times in 
twenty-four hours did not influence the degree 
of depression of degradation in diabetic plasma. 
Dialysis of diabetic plasma for eighteen hours 
against phosphate buffer (pH 7.5) at 5°c. did not 
alter its ability to depress degradation of labeled 
insulin. When a diabetic person's plasma, 
which markedly inhibited degradation of labeled 
insulin im vitro with liver homogenate, was 
diluted up to 50 per cent with phosphate buffer 
or normal plasma, the percentage depression of 
degradation was slowly decreased in a linear 
fashion with respect to the dilution. A greater 
than 50 per cent dilution resulted in a rapid 
decrease in the inhibition of degradation but 
again in a linear fashion with respect to dilution. 
The results of these in vitro experiments give 
correlative support to the impressions gained in 
the in vivo studies that factors intrinsic to the 
plasma influence distribution and degradation 
of the labeled hormone. This is compatible 
with the concept that labeled insulin is bound in 
some manner in the plasma, consequently it is 
less readily available to the tissues and is pro- 
tected from enzymatic degradation. The obser- 
vation that the addition of amorphous insulin 
does not depress degradation of labeled insulin 
in some diabetic plasmas to the degree observed 
in normal plasma lends support to the concept 
that in diabetic plasma there are factors which 
bind and compete for insulin and reduce its 
effective concentration. Observations of the 
effect of a large excess of insulin suggest that 
decreased degradation in the presence of 
diabetic plasma is the result of decreased avail- 
able substrate (insulin) rather than merely 
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inhibition of the degradative system. The bind- 
ing agent apparently is heat-labile and non- 
dialyzable and is not inactivated by short-term 
repetitive freezing and thawing. It retains its 
activity proportionally in dilution with buffer 
or normal plasma. 

The demonstration of this insulin-binding 
factor in the plasma of many persons with dia- 
betes was particularly interesting because none 
of these patients were considered to be insulin- 
resistant. To investigate the significance of the 
binding it was necessary to assay its effect on the 
biologic activity of insulin. Since excess amounts 
of insulin obscure the abnormalities observed 
in diabetic plasma, it was desirable to use a 
bio-assay method requiring a concentration of 
insulin no greater than that used in the in vitro 
studies. Since mice are sensitive to small amounts 
of insulin and have been used to demonstrate 
insulin-antagonizing substances in the serum of 
insulin-resistant diabetes, these animals were 
used for assay and a modification of Lowell's 
method** was employed. 


BIO-ASSAY STUDIES 


Plasma from persons with diabetes in whom 
high percentages of labeled insulin were retained 
in vivo and from normal subjects was dialyzed 
overnight to make it essentially sugar-free. In 
contrast to 0.2 ml. used by Lowell, 0.6 ml. of 
each plasma was mixed with 0.2 ml. of amor- 
phous insulin solution containing 0.01 unit of 
insulin. These mixtures were preincubated at 
37°c. for five minutes. After an initial fasting 
blood sample was obtained, each mouse was 
injected intraperitoneally with 0.8 ml. of the 
plasma-insulin mixture. A second blood sample 
was obtained forty-five minutes after the injec- 
tion. Glucose determinations were made in 
duplicate on both the mouse blood and the 
dialyzed human plasma. In Experiment No. 1 
the effect of intraperitoneal human plasma mixed 
with saline solution alone was investigated. 

The results are given in Table u. The plasma 
of four of five diabetic subjects tested signi- 
ficantly inhibited the hypoglycemic effect of 
added amorphous insulin. Three of the four 
diabetic subjects had retained 90, 81 and 75 per 
cent of the dose of labeled insulin in the plasma 
at sixty minutes. The fourth subject was not 
tested in vivo. The plasma of all four subjects 
markedly depressed labeled insulin in vitro. 
(Figure 5.) The fifth diabetic subject had re- 
tained only 49 per cent of the labeled insulin in 
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vivo and no significant inhibition of the action of 
insulin was noted by bio-assay. (Experiment 
No. 4.) The plasma-saline mixtures in Experi- 
ment No. 1 did not give rise to significant hypo- 
glycemia or hyperglycemia. Since all the 
dialyzed plasma contained less than 10 mg. per 


TABLE u 
MOUSE INSULIN ASSAY * 


Change | 


of Blood | _ 
Mice | Sugar | 
tion 
Experiment No. 7: 
Control plasma + saline wi 5 —-5.6; 20.3 
Diabetic (subject 118) plasma + saline.| 5 +2.9 {| 26.5 
Control plasma + insulin............ 5 — 45.7 25.6 
Diabetic (subject 119) plasma + insulin 5 —12.5 6.6 
Experiment Ne. 2: 

Control plasma + insulin......... , 5 —52.8 | 11.9 

Diabetic (subject 115E) | 
insulin eee Cees 4 9 0 7 6 

Experiment No. 3: | | | 
Control plasma + insulin............ a —74.3 | 2.0 
Diabetic (subject 114) plasma + insulin.) 3 | —28.7 |} 12.7 
Diabetic plasma + insulinf........... —13.4' 12.7 

Experiment No. 4. | 
Control plasma + insulin............ 4 | —54.5 | 9.8 
Diabetic (subject 113) plasma + insulin.) 4 | —47.4| 13.2 


* In each experiment 0.6 ml. plasma and 0.2 ml. insulin/saline solu- 
tion (0.01 unit) were injected intraperitoneally. 

T Jn vive insulin 1-131 retention not measured; in vitro depression of 
degradation 70 per cent. 


cent of glucose, plasma-saline injections were not 
made subsequent to Experiment No. 1. 

It is suggested from these studies that increased 
plasma binding implies partial biologic inactiva- 
tion of insulin. This has been demonstrated with 
those diabetic plasma samples which show 
greatly increased binding in vivo or in vitro. How- 
ever, it is indicated that the mouse assay may not 
be sufficiently sensitive to reflect the lesser 
abnormal binding properties demonstrated by 
labeled insulin studies. 


COMMENTS 


The evidence presented suggests that insulin 
I-131 is bound in the plasma of certain insulin- 
treated (diabetic and non-diabetic) subjects and 
that this binding phenomenon probably inter- 
feres with the biologic action of insulin. 

The initial assumption that protein-bound 
radioactivity represents intact labeled insulin is 
open to some question. It is entirely possible that 
insulin undergoes a chemical change in diabetic 
plasma and that fragments of the molecule 
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bearing the radioactive label bind to plasma 
protein constituents and are therefore precipita- 
ble with trichloroacetic acid. Alternatively, the 
intact hormone molecule itself may be bound. 
The net result in either instance could be biologic 
inactivation of insulin. 

The literature contains many reports of anti- 
insulin factors demonstrated in the plasma of 
insulin-resistant diabetic persons.**~**? Bornstein! 
noted that no detectable insulin was present in 
the serum of such patients, using the adrenal- 
ectomized, alloxan-diabetic, hypophysectomized 
rat aS a very insulin-sensitive animal, but it 
is significant that he observed no detectable 
insulin in the serum of many non-resistant 
diabetic persons. It is possible that plasma-bind- 
ing of insulin, as shown by our studies, explains 
the lack of detectable insulin in some non- 
resistant diabetic subjects. Insulin may even 
be present in increased amounts in plasma but 
it may not be detectable by present methods of 
assay. If large amounts of exogenous insulin can 
be bound in the plasma of diabetic subjects it 
may explain the wide range of insulin tolerance 
and relative insulin insensitivity of the maturity- 
onset diabetic person. Vallance-Owen et al.*® 
have recently reported that insulin added to the 
plasma of insulin-treated, non-ketotic but un- 
controlled diabetic persons could not be re- 
covered, as measured by glucose uptake in rat 
diaphragm. However, insulin added to plasma 
from insulin-treated diabetic persons with 
blood sugars within the normal range could be 
satisfactorily recovered in most cases. Their 
observations suggest that many _ diabetic 
patients require insulin to overcome an in- 
hibitor circulating in the plasma. Plasma-bind- 
ing of the hormone in insulin-treated patients 
might well explain these findings; it also suggests 
unsaturation of the binding factor in uncon- 
trolled diabetic persons. ‘The authors’ studies did 
not, however, show any correlation of elevated 
blood sugar with the degree of plasma-binding 
of insulin. 

Insulin is considered a weak antigen and, ex- 
cept in some reported cases of insulin resistance 
and allergic reactions of insulin,*°~* it has been 
difficult to demonstrate antibodies to insulin. 
However, demonstration of increased plasma- 
binding of labeled insulin in many _ insulin- 
treated diabetic persons and _ non-diabetic 


schizophrenic subjects favors the argument that 
abnormal responses may reflect development of 
antibodies to insulin. The observation that ap- 
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proximately one-fifth of the diabetic patients 
studied do not exhibit the increased plasma- 
binding of insulin might be expected because of 
mild antigenicity and the variable response of 
different subjects to antigens of other types. 
Stress situations such as infections induce anam- 
nestic responses in antibody production and, 
possibly by the same mechanism, could increase 
antibodies to insulin, thereby increasing insulin 
requirements. In some patients true insulin 
resistance follows extreme stress, perhaps by 
virtue of an exaggerated action of the same 
mechanism. No significant evidence has been 
presented that increased pituitary or adrenal 
activity may give rise to true insulin resistance or 
development of plasma-binding of insulin in non- 
resistant diabetic persons. 

In some instances of resistance, insulin-neu- 
tralizing activity has been demonstrated in the 
gamma globulin fractions, and these observa- 
tions have supported the concept that resistance 
represents antibody formation.*‘:*> Since the 
authors’ studies have not yet included detailed 
plasma protein fractionations, it has not been 
possible to show that insulin is bound to any 
specific component of plasma proteins in non- 
resistant diabetic persons. If plasma-binding does 
reflect antibody production, confirmation awaits 
demonstration of specific gamma globulin- 
binding and the formation of antigen-antibody 
complexes by standard immunologic procedures. 

As there is no significant correlation between 
the insulin requirements of the diabetic subjects 
studied and the degree of plasma-binding of 
labeled insulin zn vivo or in vitro, the therapeutic 
implications of these studies are not readily ap- 
parent. However, since the degree of plasma- 
binding appears to vary in some patients over a 
period of months along with variations in the 
diabetes or other pathologic conditions, it is 
possible that information of therapeutic import 
might be gained from repeated studies of the 
binding phenomenon over a longer period. If 
increased plasma-binding of insulin signifies 
partial biologic inactivation of exogenous insulin, 
as bio-assay studies seem to indicate, then pa- 
tients with a low insulin requirement but with 
high plasma-binding may not be utilizing ex- 
ogenous insulin and a reduction of dose or 
elimination of insulin might be feasible. Patients 
with high insulin requirements and high plasma- 
binding might have insulin requirements re- 
duced by desensitization or hormone suppression 
of antibody formation, as is sometimes possible 
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in cases of insulin resistance.** Those patients 
taking large doses of insulin, yet exhibiting no 
increase of plasma-binding, may be receiving 
more insulin than they require and compensat- 
ing with adrenal or pituitary anti-insulin mecha- 
nisms. More detailed studies of individual pa- 
tients may serve to clarify these considerations. 


SUMMARY 


1. 1-131 labeled insulin disappears less rapidly 
from the plasma of the majority of insulin-treated 
diabetic subjects and schizophrenic persons than 
from the plasma of non-diabetic persons. 

2. There is also proportionately less degrada- 
tion of labeled insulin by these insulin-treated 
subjects. 

3. In vitro studies demonstrate the presence of 
a factor in plasma of insulin-treated subjects 
which binds labeled insulin, hinders its entry 
into normal rat tissues and depresses its enzy- 
matic degradation. 

4. Bio-assay studies reveal that the binding of 
insulin in diabetic plasma effectively reduces its 
hypoglycemic effect in mice. 

5. It is suggested that the insulin-binding 
factor may be an antibody arising secondary 
to insulin therapy and that its presence may be 
of therapeutic import. 
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Humoral Insulin Antagonism Associated 
with Diabetic Acidosis’ 


James B. Fiecp, m.p. and DeWitt STetTTen, JR., M.D. 
Bethesda, Maryland 


HE mechanism of insulin resistance, or 
piper: high tolerance toward insulin, has 
been the subject of numerous investigations. 
Specific antibodies to heterologous insulins have 
been demonstrated in the blood of certain 
insulin-resistant diabetic patients.'* Both clini- 
cally and experimentally, insulin resistance has 
been associated with increased activity of the 
anterior pituitary gland.** The demonstration 
of intracellular proteolytic enzymes exhibiting 
some degree of specificity toward insulin, in- 
sulinases, has led to the suggestion that exces- 
sively rapid proteolytic destruction of insulin 
may be a mechanism contributing to insulin 
resistance.°*° 

Diabetic acidosis is almost always associated 
with exalted insulin requirement and tolerance. 
During the first twenty-four hours of treatment of 
patients in diabetic coma quanuties of insulin 
are often administered which, had they been 
given to the same subject when not in ketosis, 
would have resulted in fatal hypoglycemia. This 
increase in tolerance toward insulin during 
episodes of acidosis has been attributed to 
adrenocortical hyperactivity, a view which 
finds support in the observation of an elevated 
concentration of cortical steroids in the blood in 
this condition.’ This interpretation may be ques- 
tioned, however, in view of the fact that adreno- 
cortical stimulation has been reported to occur 
only late in the course of diabetic acidosis.* The 
finding of a decrease in response to insulin in 
dogs rendered acidotic with ammonium chloride 
infusion has led some workers to the conclusion 
that the decrease in pH of the blood may in itself 
be the main factor in the increased insulin toler- 
ance in patients with diabetic acidosis.’ 

In Stadie’s laboratory the procedure intro- 
duced by Gemmill'® of measuring the increment 
in glycogen deposition in the rat hemidiaphragm 


in response to insulin has been extensively ex- 
plored.''~'* Utilizing this procedure, Marsh and 
Haugaard'* have demonstrated the presence of 
insulin antagonist activity in the serum of a 
number of persons with diabetes whose chronic 
insulin resistance was not associated with either 
acidosis or infection. In one patient, reported 
on in detail, a decline in the titer of humoral 
insulin antagonist as measured by the rat hemi- 
diaphragm technic was found to ensue several 
weeks after the patient’s daily insulin require- 
ment had diminished in response to a course of 
ACTH therapy. 

The present study was undertaken to ascertain 
whether or not, by the hemidiaphragm technic, 
humoral insulin antagonist activity could be 


demonstrated during the acute insulin resistance 


associated with diabetic acidosis. 


METHODS 


Method of determining the insulin effect was similar 
to that previously reported by Stadie.'' Male Sprague- 
Dawley rats weighing approximately 150 gm. were 
used. They were fasted for twenty-four hours prior to 
being killed by a blow on the head. The diaphragm 
was dissected with as little trauma as possible. Each 
hemidiaphragm was blotted and weighed; then one 
was equilibrated for one minute at 25°c. in a solution 
containing | ml. of serum and 1 ml. of insulin-buffer 
mixture so that the final insulin concentration was 
0.1 unit/ml. The control hemidiaphragm was equili- 
brated with serum identically diluted but lacking 
added insulin. Alternately the right and left hemi- 
diaphragm were exposed to insulin. Each hemidia- 
phragm was washed twice for thirty seconds by agita- 
tion in 10 mil. of buffer and then transferred to a 
stoppered flask containing 2 ml. of oxygenated buffer- 
glucose solution of the following composition: 0.087 M 
NaCl, 0.005 M MgCl, 0.040 M sodium phosphate 
and 0.4 per cent glucose, pH 6.8. The flasks were 
shaken in a water bath at 38°c. for ninety minutes. At 
the end of this period glycogen content of each hemi- 


* From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health Service, 
United States Department of Health, Education and Welfare, Bethesda, Maryland. 
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TABLE 1 
EFFECT OF NORMAL AND DIABETIC ACIDOSIS SERUM ON THE COMBINATION OF INSULIN AND RAT DIAPHRAGM 


Amount of Insulin Effect 


Source of Serum Serum 
(ml.) 
0 


Diabetic acidosis: 


| 
0.5 
0.05 


| Mean + SEM* 


Micromoles (Glucose Equivalent) Pt 
per Gram of Tissue : 


6.31 + 1.71 (3)t 


5.35 + 0.48 (23) | 


During Acidosis After Acidosis 


| 6.60 + 2.09 (3) | bales 


3.11 + 1.13 (5) | pas 
| 6.54 + 0.95 (3) | 
6.25 + 0.32 (3) 
| 6.59 2 
6.08 + 1.11 (3) 

—2.62 + 1.73 (3) < 01 
—1.44 + 2.34 (3) < .01 
0.39 + 0.87 (3) < 01 
1.03 + 1.32 (3) <0! 
2.89 + 2.17 (3) >.1 


* Standard error of the mean. 


+ When no postacidosis specimens were tested, P is based on the difference between the value found during acidosis 


and that obtained using normal serum. 


t Figure in parentheses indicates number of experiments. 


diaphragm was determined by Stadie’s modification'® 
of the method of Good, Kramer and Somogyi.'® 
Glucose of the hydrolyzed glycogen was measured 
according to the procedure of Schales and Schales."’ 
Results are expressed as micromoles of glucose per 
gram of wet diaphragm. Arithmetic difference in 
glycogen content between hemidiaphragm exposed to 
insulin and its control is called the insulin effect. When 
less than 1 ml. of serum was used during the initial 
equilibration period, phosphate-saline buffer was 
added to make the final volume 2 ml. 

Serum* from patients with diabetic acidosis was 

* We are indebted to Dr. Frederick C. Goetz, Univer- 
sity of Minnesota Medical School, for serum from Cases 
il, m1 and rv, and to Dr. Henry B. Mulholland, University 
of Virginia Medical School, for serum from Case vu. 


obtained at the time of admission and again several 
days after therapy except in the patient (Case vn) 
who died twenty-four hours after admission. Speci- 
mens were stored frozen for as long as six months 
without any evident loss of activity. If the serum 
did not contain any insulin antagonist at the time of 
admission, later specimens were not tested. 

Blood levels of compound F were measured accord- 
ing to the method of Peterson."* 


RESULTS AND COMMENTS 


The present evaluation of the effect of insulin 
alone upon the capacity of rat diaphragm tissue 
to accumulate glycogen is in essential agreement 
with earlier measurements by others.'* In the 
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TABLE U 
PERTINENT CLINICAL DATA ON CASES OF DIABETIC ACIDOSIS 


| | | | 
Case, Sex | py... | Total Insulin | Blood Sugar' CO, 


Age , on This Date | (mg. %) | (mEq./L.) | cmarks 
1. F, 29 7/14/54 | 2,130 | 560 3 Diabetes for 7 yr.; insulin started 3 wk. prior to 
7/17/54 | 325 350 27 episode of acidosis; regulated on 40 units/day; 
7/20/54 | 0 | 52 26 no complications of diabetes 
u. F, 30 10/23/54 | 615 | 648 11 Diabetes for 25 yr.; usually regulated on 30-60 
10/25/54 | 100— si 250 28 units of insulin/day; retinopathy but no other 
| _ complications 
m. F, 64 11/25/54 1,310 | 600 8.3 Diabetes for 5 mo.; no previous insulin; dis- 
12/ 7/54 80) | 264 charged on 80 units NPH/day 
iv. F, 50 2/ 4/54 230 200 19 _ Diabetes for 4 yr.; previously regulated on 25-40 
12/ 7/54 RO : units/day; discharged on 80 units/day; no 
complications of diabetes 
v. M, 24 3/16/55 200 346 18 Diabetes for 11 yr.; previously regulated on 120 
 units/day; discharged on 82 units/day; no 
complications 
vi. F, 45 6/11/55 260 1,025 11 Diabetes for a few weeks; no previous insulin; 
discharged on 35 units 
va. F, 22 6/14/55 | 21,000 908 2.3 Diabetes of 8 yr.; previously regulated on 60 


units/day; no complications of diabetes; peri- 
tonitis found at autopsy 


absence of added serum (Table 1) exposure of 
this tissue to insulin resulted in an increase in 
glucose stored as glycogen of 6.31 micromol/gm. 
In twenty-three determinations in which serum 
from one of six normal subjects was mixed with 
insulin, a mean insulin response of 5.35 micromol 
glucose ‘gm. tissue was found. This slight de- 
crease, not considered significant from the 
present data, is still in accord with observations 
of others that normal serum may contain slight 
anti-insulin activity.'* 

The serum, secured on the day of hospitaliza- 
tion for acidosis, of seven patients with diabetes 
has been studied. In five of the seven cases 1 ml. 
of serum was found to contain sufficient insulin 
antagonist activity to diminish significantly 
the effect of 0.2 unit of insulin. In Case 1 
antagonism to insulin was still demonstrable 
three days later but it should be noted (Table m) 
that on this day the patient still tolerated in 
excess of 500 units of insulin. Six days after 
admission, when the insulin requirement had 
fallen to zero, demonstrable insulin antagonist 
activity had disappeared from the serum. 
Disappearance of antagonist activity from the 
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serum was observed two days after admission in 
Case m and three days after admission in Case tv. 
In each case such disappearance could be cor- 
related with a striking decline in_ insulin 
requirement. 

The serum from two patients in diabetic 
acidosis failed to exhibit insulin antagonist 
activity by the present assay. Both of these 
patients (Cases v and v1) were moderately 
responsive to insulin therapy, requiring 200 to 
230 units in twenty-four hours for regulation. 
In Case rv, in which serum inhibitor activity was 
demonstrable, only 230 units of insulin were 
administered on the day of admission, but it 
may be pertinent that this patient had a rela- 
tively low initial blood sugar concentration. 
(Table n.) 

Case vil was a patient who clinically appeared 
to be very refractory to insulin; 21,000 units 
injected in twenty-four hours failed to reduce the 
blood sugar concentration to hypoglycemic 
levels. The course and fatal outcome of this case 
will be described elsewhere.'* The serum of this 
patient abolished the effect of 0.2 units of insulin 
when added in amounts as low as 0.05 ml. 


@ 
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Certain properties of the insulin antagonist 
here under consideration can be inferred from 
results already at hand. Activity is not destroyed 
by freezing. The material appears to be fairly 
thermostable since activity is still demonstrable 
after fifteen minutes of heating at 60°c. (Table 1, 


TABLE Ill 
FAILURE OF SERUM FROM PATIENTS WITH UREMIC ACIDOSIS 
TO ANTAGONIZE INSULIN 


Insulin Effect 


Blood Serum Micromoles (Glucose 
Source of Serum pH COs Equivalent) per Gram 
(mEq./L.) of Tissue 
Mean + SEM* 
Uremic patient. . 7.24 11.3 5.04 + 1.78 (3)7 
Uremic patient. . 7.07 12 5.43 + 1.67 (6) 
Normal serum..... 5.35 + 0.48 (23 


* Standard error of the mean. 
t Figure in parentheses indicates number of experiments 


Case vir.) In view of the exceptionally high titer 
subsequently discovered in this serum, it should 


be pointed out that the thermal destruction of 


90 per cent of the activity would have escaped 
detection. 

That the insulin antagonist activity was not 
directly attributable to the lowered pH may be 
concluded from the fact that the serum of pa- 
tients in uremic acidosis did not depress the 
effect of insulin. (Table mr.) The fact that three 
days after admission, at a time when the blood 
CO, content was normal, Case 1 still exhibited 
serum insulin antagonist activity also argues 
against the acidity of the serum as the cause of 
insulin antagonism. 

Consideration has been given the possibility 
that circulating adrenocortical steroids may be 
responsible for the observed effect. No inhibition 
of normal insulin effect could be produced by 
addition of compound F to normal serum prior 
to admixture of insulin. (Table rv.) Likewise the 
injection of ACTH into a patient with diabetes 
failed to produce inhibitory serum even though a 
rise in circulating compound F concentration 
did occur. The two patients in diabetic acidosis 
whose serum failed to show insulin antagonist 
activity exhibited marked elevations in the con- 
centration of circulating compound F. 

There did not seem to be any relation between 
the level of blood sugar or CO, on admission and 
the presence or absence of insulin inhibitor 
activity. Also, there was no correlation with the 
presence of complications of diabetes, duration 
of the disease or previous insulin therapy. In 


both Case mi and vi the diagnosis of diabetes was 

made at the time of admission in acidosis. One 

of these patients (Case m1) exhibited an insulin 

antagonist while the other did not. Although 

there was a wide range of values for the serum 

electrolytes on admission, there did not seem to 
TasBLe Iv 


ROLE OF ADRENAL CORTICAL HORMONES IN THE INSULIN 
EFFECT ON RAT DIAPHRAGM 


Insulin 
Plasma Level 

romoles 
of Compound 


Source of Serum Laquivalents) per Gram 
of Twsue 

Mean + SEM? 
Normal serum to which was 
added 100 we 

(ase \ 2 } G3 


(ase vi ‘ 102 + 
Diabetic patient at end of 48 
hr. infusion of 200 units 


Norma! serum 


* Normal range: we 
t Standard error of the mean 


Figure in parentheses imilmates number of cxaperunents 


be any consistent pattern that accompanied the 
insulin resistance. Table indicates that none of 
these patients was insulin resistant prior to the 
occurrence of acidosis and none of the patients 
who survived required excessively large doses of 
insulin once diabetes was regulated. Case v had 
had three previous episodes of diabetic acidosis 
requiring up to 3,300 units of insulin in the first 
twenty-four hours of therapy. No significance is 
attributed to the fact that all five patients who 
demonstrated insulin inhibition were women. 

No studies have been carried out on the pres- 
ent serum to ascertain whether or not immuno- 
chemically demonstrable antibodies to insulin 
occurred, The rapid disappearance of insulin 
inhibitor activity after episodes of acidosis, noted 
in several patients, would argue against the 
present effect being due to a typical immune 
reaction. 

The finding of a humoral insulin antagonist in 
the serum of patients with diabetic acidosis raises 
the question of the possible role which this 
antagonist may play in precipitating the ketosis 
and subsequent acidosis. The answer to this 
question is still entirely speculative. Studies are 
currently under way to characterize further the 
anti-insulin agent or agents. On the basis of the 
experiments and arguments presented we are 
presently inclined to discount the lowered pH 


AMERICAN JOURNAL OF MEDICINE 


Insulin Antagonism in Diabetic Acidosis— Field, Stetten 


of the blood and the secretions of the adrenal 
cortex as major causative factors. 


SUMMARY 


In five of the seven patients with diabetic 
acidosis studied, humoral insulin antagonist 
activity was demonstrable by im vitro technics. 
The basis of the method employed was the 
measurement of extra glycogen accumulation 
in rat hemidiaphragm after exposure to insulin. 
Serum of normal subjects depressed this mani- 
festation of insulin action little if at all, while 
serum from several patients with diabetic acido- 
sis abolished the insulin effect. 

A variety of observations lead to the conclusion 
that insulin antagonist activity is due neither to 
acidity nor to increased concentration of 
adrenocortical steroids in the blood. In several 
cases activity was noted to disappear within a 
few days after treatment of acidosis. The 
presence of humoral insulin inhibitor during 
acidosis did not appear to correlate with the 
level of blood glucose or COs, duration of 
diabetes, level of previous insulin requirement or 
presence of complications of diabetes. None of 
the present patients exhibited insulin resistance 
before or after the episode of acidosis. In general, 
however, there was good correlation between the 
amount of insulin received in the first twenty- 
four hours of therapy and insulin antagonist 
activity in the serum. 
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Stable and Brittle Diabetes’ 


JoHN G. ALIVISATOS, M.D. and Ek. Perry MCCULLAGH, M.D. 


Athens, Greece 


N the early 1920’s when insulin became gen- 
I erally available and attempts were made to 
obtain normoglycemic control in patients with 
diabetes, it was observed that in many patients 
such control could not be obtained. Reasons for 
failure were various. For example, at that time 
long-acting insulin preparations and antibiotics 
were not available. However, a few of these 
‘poorly controlled’? diabetic patients showed 
certain distinct characteristics, and subsequent 
improvements in management have not pre- 
vented extreme fluctuations in daily blood sugar 
values or frequent insulin reactions, or both. 
Some investigators were interested in studying 
this group of patients with diabetes and the 
work of Radoslav' and Falta,’ and later Hims- 
worth’ indicated that two chief types of diabetes 
exist, namely, the insulin-sensitive and _ the 
insulin-insensitive types. Himsworth, by ap- 
plying the glucose-insulin tolerance test, showed 
distinct patterns of responses to insulin in these 
two types of diabetes. In recent years the action 
of insulin in brittle diabetes has been studied by 
different methods;* furthermore, the action of 
glucagon in brittle diabetes has been investi- 
gated,*-‘ and modified insulin tolerance tests 
have been developed for the study of insulin 
sensitivity. Woodyatt® used the term ‘brittle’ to 
express the control which, for no apparent rea- 
son, breaks easily in either direction. 

Recently, Lawrence® introduced a new classi- 
fication of diabetes mellitus in which two types 
of patients who have diabetes with insulin 
insensitivity are described as (1) the lipoatrophic 
and (2) the lipoplethoric. In contrast to these 
insulin-insensitive diabetic persons, the insulin- 
sensitive type is described. In the present study, 
‘stable’ is used to describe those patients with 
diabetes who are insulin-insensitive and ‘brittle’ to 
describe those who are insulin-sensitive. The 
term juvenile diabetes is not used because in this 
work only adults with brittle diabetes have been 
studied. 


Cleveland, Ohio 


In addition to insulin sensitivity, patients with 
brittle diabetes have another distinct metabolic 
feature. Ketosis rapidly and repeatedly develops 
despite treatment with insulin to attempt to 
establish normoglycemic control. If adequate 
insulin is not administered, diabetic coma will 
develop in these patients. Ketosis indicates 
increased catabolism of fat. On the basis of this 
finding one may postulate that fat is utilized in 
subjects with brittle diabetes in a different pat- 
tern or at a different rate from that in subjects 
with stable diabetes. If such metabolic dif- 
ferences in carbohydrate and fat are present in 
patients with brittle diabetes, one is justified in 
accepting the possibility that this type of diabetes 
is a separate metabolic entity. 

The present study was undertaken to ascertain 
not only whether or not other clinical or bio- 
chemical features distinguish brittle from stable 
diabetes but also whether or not the incidence 
of late degenerative complications is different in 
these two groups of patients. 


MATERIALS AND METHODS 


Selection of Patients. The patients included in this 
study were followed at the diabetic outpatient depart- 
ment for a number of years. They were selected during 
a period of one year on the following basis: (1) They 
were not less than twenty-five years of age, and (2) not 
less than sixty blood determinations were obtained 
during several years of follow-up, with an average 
of fifteen to twenty-five determinations per year. 

Only adult patients were selected for this study for 
several reasons. It has been found that the brittle type 
of diabetes frequently is seen in young patients. It is 
not known what portion of these patients have true 
insulin sensitivity and how many have brittle diabetes 
resulting from inconsistency of physical exercise. 
‘The authors believe that on clinical grounds alone, or 
with the classification used in this study, accurate 
separation of these two categories would be impossible. 
Most interest was devoted to studying the age group in 
which late degenerative camplications are prone to 
develop. Another reason for not including young 
diabetic persons was the belief that unhomogeneous 


*From the Department of Endocrinology, ‘The Cleveland Clinic Foundation, and The Frank E. Bunts Educa- 
tional Institute, Cleveland, Ohio. This work was supported in part by a research grant from the Cleveland Diabetes 


Foundation. 
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metabolic conditions, in a broader sense, should not be 
compared, as it has been shown in experimental 
animal work" that a close relationship exists between 
growth processes and carbohydrate metabolism. For 
this reason there is some doubt as to whether or not 
impaired glucose homeostasis, which clinically seems 
to be the same in adult and young diabetic persons, 
really reflects the same metabolic condition. 

Another limiting factor in the selection of patients 
was the number of blood sugar determinations per- 
formed over a period of years in each patient. A small 
number of blood sugar tests would introduce a signifi- 
cant error in calculation of the percentage values. 

The routine re-examination of patients with 
diabetes at this outpatient department has for more 
than thirty years been as follows: Diabetic patients 
are rechecked two to four umes yearly and for one or 
more consecutive days during each visit. Control of 
diabetes is evaluated partly on the basis of blood sugar 
levels estimated two or three times daily (at 7 A.M., 
11 a.m. and 4 p.m.) and repeated urinalysis for sugar 
and ketone bodies. Meals for these diabetic persons 
are served in the dining room of the outpatient de- 
partment and diets are under the supervision of the 
attending physician and dietitian. All patients are 
receiving insulin and are on weighed or measured 
diets. 

Patients with diabetes who have hyperthyroidism 
or disease of the gastrointestinal tract, pancreas or liver 
were excluded from this study since those conditions 
are known to have a bearing on the stability of their 
control. Patients with diabetes of anterior pituitary 
or adrenal origin also were excluded. 

Classification of Patients. An attempt has been 
made to apply objective criteria in classifying the 
patients with diabetes under study into two groups, 
stable and brittle. An insulin tolerance test was not 
used because it was impractical for the large number of 
patients studied. The frequency of insulin reactions 
being subjective information given by patients, it was 
believed not to be a sufficient criterion for classifica- 
tion. The authors wish to emphasize that in evaluating 
this classification one should bear in mind the aim has 
been to obtain a normoglycemic control in all these 
patients for the period they have been followed. 
Changes in the dose of insulin, in the insulin prepara- 
tions employed in the diets and in the available glucose 
distribution have been repeatedly introduced in 
attempting such control, 

The criteria have been designed to express objec- 
tively the characteristic blood sugar pattern noted in 
patients with brittle diabetes: extreme fluctuations of 
blood sugar values that are observed consistently 
for years, especially when two or three determina- 
tions are performed daily and at fairly frequent 
intervals. 

The first criterion has been outlined by obtaining 
“the per cent distribution curve of the over-all blood 
sugar determinations.” It is obtained by the following 
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procedure. Four arbitrary blood sugar ranges 
are used. The first range includes blood sugar values 
less than 120 mg. per cent; the second 1s from 120 to 
150 mg. per cent; the third from 150 to 200 mg. per 
cent; and the fourth above 200 mg. per cent. All blood 
sugar levels of each patient are distributed accord- 
ing to their value in one of these ranges. An example ts 
given for simplification. A patient has had, in an 
interval of eight years, 123 blood sugar determinations. 
When these are distributed according to their value 
in the four ranges presented above, one obtains the 
following: In the first range, twenty-nine tests; in the 
second range, fifteen; in the third range, sixteen; and 
in the fourth range, sixty-three. The per cent values 
for the figures in each range respectively are: 23, 12, 
13 and 51 per cent. These percentages express the fre- 
quency of distribution of the patient’s blood sugar 
levels for an interval of eight years, of which 23 per 
cent fell in the normal range, smaller percentages 
in the ranges between 120 to 150 mg. per cent and 
150 to 200 mg. per cent, and the highest percentage 
in the highest blood sugar range. When these per- 
centages are plotted against the blood sugar ranges, 
a distribution curve is obtained. It is apparent that in 
such an expression the time relationship is taken 
into consideration only roughly; but by pooling the 
figures and obtaining the percentage distribution 
curve in each patient, one has a more objective im- 
pression of the over-all type of control for the entire 
study period. 

The second criterion is based on the extremes of 
difference between the two or three blood sugar values 
obtained in a single day and for repeated consecutive 
days. Three ranges of differences have been used: One 
for differences above 100 mg. per cent, a second for 
differences between 50 to 100 mg. per cent, and a 
third for differences less than 50 mg. per cent. The 
daily differences for each patient have been distributed 
according to their value in the three ranges and the 
percentages for each group calculated. It is apparent 
that in this criterion the daily time relationship of 
blood sugars has been taken into consideration. For 
convenience this is called “‘the per cent frequency of 
the differences on repeated daily blood sugars.”’ 

For the third criterion the incidences of blood sugar 
values below 60 mg. per cent and above 300 mg. per 
cent are taken into consideration, and the per cent 
value from the total number of determinations is 
calculated for each patient. This is called “the per 
cent frequency of the extreme blood sugar values.” 

The fourth criterion has been based on the presence 
or absence (on repeated tests) of 2 plus to 3 plus ketone 
bodies in the urine, as determined by the bedside 
technic. This test was carried out during the usual 
recheck periods, and only the tests performed at these 
times were evaluated. Tests done during the period in 
which the patient was first seen and the period in 
which the patient was hospitalized for diabetic coma 
were not taken into consideration. 
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Studies Performed. History charts for all patients 
were reviewed and notes were made on previous 
symptoms, physical findings and previous diagnoses. 
Also, the patients were interviewed and specifically 
questioned in regard to symptoms of heart disease, 
frequency of insulin reactions, adherence to meal 
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Fic. 1. The per cent distribution curve of the over-all 
blood sugar determinations (percentages express fre- 
quency of distribution). 


schedules, and sensitivity to physical exertion. Weight 
of the patient was taken into consideration and nota- 
tions made for weight when last seen, maximum 
weight attained during life, and differences of these 
and the ideal weights. * 

All patients had had a physical examination during 
the preceding year. Renal function was evaluated on 
repeated urinalyses which were obtained at each 
follow-up period, and the presence of proteinuria 
noted. Blood urea determinations and, in a large 
number of patients, urea. clearance tests were per- 
formed. In a few cases Addis’ tests were done. For 
evaluation of the degree of retinopathy all patients 
were examined after mydriasis by the same oph- 
thalmologist. The condition of the cardiovascular 
system was evaluated on the basis of the history, 
physical findings, electrocardiogram, roentgenogram 
of the heart and repeated blood pressure readings. In 
a large number of patients from each group who were 
under diabetic control and in a fasting condition, 
blood specimens were taken for the study of ultra- 
centrifugal lipoproteins, Tiselius electrophoretic pat- 
terns and blood cholesterol determinations. The results 
of these tests will be presented in another publication. 
In a number of patients from each group intravenous 
glucagon tests were performed and the effect on the 
concentration of blood glucose, ketone bodies and 
lipoproteins were studied.’ 


* For ideal weights the tables of the Association of Life 
Insurance Directors and Actuarial Society of America 
were used. 
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Classification. A total of 172 patients was 
studied of which 149 fulfilled all the criteria for 
classification and were separated into two 
groups, stable and brittle. Twenty-three patients 
did not fulfill all criteria and will be discussed as a 
separate group. 

In Figure 1 the per cent distribution curves of 
the over-all blood sugar values are plotted for 
patients with stable and brittle diabetes accord- 
ing to the method described previously. Of 
seventy-nine patients with stable diabetes, forty- 
five gave type A curves and thirty-four type B. 
In the type A curve, the majority (over 60 per 
cent) of the tests lay in the two lower and most 
normal ranges. In the type B curve, less than 60 
per cent lay in the two most normal ranges. The 
shape of the type A curve for patients with stable 
diabetes is a descending, almost straight line, 
with a high per cent frequency of blood sugars 
in the lower ranges and consecutive lower 
percentages for the higher blood sugar ranges. 
The mean per cent value for type A in patients 
with stable diabetes is, for the first range, 48.2 
per cent (S. D. + 9.7); for the second range 24.6 
per cent (S. D. + 6.8); for the third range 18.1 
per cent (S. D. + 6.7); and for the fourth range 
8.3 per cent (S. D. + 5.3). The type B curve for 
patients with stable diabetes is distributed 
around the 25 per cent level for all the blood 
sugar ranges. [he mean per cent value for type 
B in patients with stable diabetes is, for the first 
range, 24.9 per cent (S. D. + 8.0); for the second 
range 20.5 per cent (S. D. + 6.3); for the third 
range 28.5 per cent (S. D. + 6.9); and for the 
fourth range 25.4 per cent (S. D. + 11.4). 
Thus the type A curve represents more complete 
control of blood sugar levels, and the type B 
curve less complete. 

In seventy patients with brittle diabetes a 
V-shaped curve is obtained indicating that these 
patients have a high per cent frequency of blood 
sugar values of the two extreme ranges, the very 
low (less than 120 mg. per cent) and the very 
high (above 200 mg. per cent). Two types of 
V-shaped curves are obtained, type A (thirty- 
five cases) in which the per cent value for the 
first range is higher than the per cent value of the 
last range, and type B (thirty-five cases) in which 
this is reversed. The mean per cent value for type 
A in patients with brittle diabetes is, for the first 
range, 40.6 per cent (S. D. + 4.0); for the second 
range 12.6 per cent (S. D. + 3.8); for the third 
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range 17.5 per cent (S. D. + 4.4); and for the 
fourth range 28.2 per cent (S. D. + 5.7). The 
mean per cent value for type B in brittle diabetics 
is, for the first range, 27.8 per cent (S.D. + 4.7) 
for the second range 10.5 per cent (S. D. + 3.5); 
for the third range 16.9 per cent (S. D. + 
4.1); and for the fourth range 43.9 per cent 

In a few patients with brittle diabetes who 
have had a large number of blood sugar deter- 
minations, over a period of years, two further 
analyses of their distribution curves were made in 
order to evaluate other factors that possibly 
could influence the form of these curves. The 
blood sugar values were separated into fasting 
and non-fasting, and the distribution curves for 
these were compared. It was of interest to note 
that in the majority of cases studied the V-shaped 
distribution curves in patients with brittle dia- 
betes for the fasting and non-fasting blood sugars 
were quite identical. This would indicate that 
the V-shaped curves obtained when fasting and 
non-fasting blood sugar values are pooled do 
not result from low fasting blood sugars as might 
have been expected, taking into consideration 
the fact that most of the patients with brittle 
diabetes were receiving protamine zinc insulin. 
In some cases of brittle diabetes, with a follow-up 
study of twelve to twenty years and a total of 300 
to 400 blood sugar determinations, separate 
distribution curves were obtained for four- 
to five-year intervals. These curves were con- 
sistently of the V-shaped form and of almost the 
same per cent distribution for each patient. This 
indicates that in these patients the response to 
insulin, in the attempt to obtain a normo- 
glycemic control, has been consistently the same 
during all the years of follow-up. No detailed 
data are given for these studies as the number of 
cases with such a long follow-up and such 
a large number of blood sugar determinations 
was small. 

Figure 2 presents the per cent values for the 
daily differences above 100 mg. per cent, be- 
tween 50 and 100 mg. per cent, and below 50 mg. 
per cent in the two diabetic groups. It will be 
seen that in all cases of stable diabetes there is a 
high percentage of fluctuation, less than 50 mg. 
per cent in a day. 

For daily differences above 100 mg. per cent 
the mean per cents in brittle diabetes are 25 per 
cent (S. D. + 7.9) and 30.8 per cent (S. D. + 
7.9), as compared with stable diabetes which are 
5.3 per cent (S. D. + 4.9) and 8.3 per cent (S. D. 
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+ 5.6). For differences below 50 mg. per cent, 
patients with brittle diabetes showed lower mean 
per cent values: 40.3 per cent (S. D. + 9.3) and 
35.6 per cent (S. D. + 10.6) as compared with 
70.8 per cent (S. D. + 13.1) and 63.3 per cent 
(S. D. + 12.2) for patients with stable diabetes. 
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Fic. 2. The per cent frequency of the differences on 
repeated daily blood sugars. 


Figure 3 records the per cent incidence of 
extreme blood sugars found in the two diabetic 
groups. Patients with brittle diabetes showed, for 
blood sugars below 60 mg. per cent, mean values 
of 10.8 per cent and 10.6 per cent as compared 
with mean values of 1.1 per cent and 0.8 per 
cent for patients with stable diabetes. For the per 
cent incidence of blood sugar values above 300 
mg. per cent, no significant differences were 
found between the two types of diabetes. 

In summary, the characteristics of the group 
classified as having brittle diabetes were as 
follows: (1) V-shaped distribution curve with 
high percentages in the extremely low and the 


‘€ 

z 


348 Stable and Brittle Diabetes—— Alivisatos, McCullagh 


extremely high blood sugar ranges as compared 
with low percentages in intermediate 
ranges; (2) incidence of 15 per cent or more of 
occurrence of daily differences above 100 mg. 
per cent; (3) incidence of 5 per cent and over in 
blood sugar values below 60 mg. per cent: 
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Fic. 3. The per cent frequency of the extreme blood sugar 
values. , 


(4) consistent and frequent appearance of 
ketonuria. 

The criteria under which patients were classi- 
fied as having stable diabetes are the following: 
(1) If the distribution curve was not V-shaped, 
the patients were classified as stable. They were 
included in type A if the addition of the per cent 
value for the first and second ranges was above 
60 per cent and type B when below 60 per cent. 
Type A curve in stable diabetes is almost a 
descending line and type B shows a distribution 
for all the ranges at the 25 per cent level. In this 
type, in most cases, the higher per cent value was 
obtained in the third blood sugar range. (2) Be- 
low a 15 per cent incidence for the range of daily 
differences above 100 mg. per cent. (3) Below a 
5 per cent incidence for blood sugar values less 
than 60 mg. per cent. (4) The absence of con- 
sistently repeated 2 or 3 plus ketonuria.. 

After classifying these patients as having stable 
or brittle diabetes, on the basis of these objective 
data, the relationship of these groups to the 
frequency of insulin reaction was studied. An 
attempt was made to express the frequency of 
insulin reactions in a semi-quantitative way 
based on the record history and the information 
obtained by questioning each patient. This 
classification is presented in Table 1. The data 
indicate the frequency of insulin reactions oc- 
curring for a period of several years and not only 


of the last year. In certain instances in which the 
frequency of insulin reactions changed, inter- 
mediate groups were used. 

In Figure 4 the frequency of insulin reactions 
is recorded percentagewise for each grade of 
Table 1 and a comparison is made between the 
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Fic. 4. Grade of frequency of insulin reactions in stable 
and brittle diabetic patients. 


two diabetic groups. [t is apparent that a clear- 
cut distinction between the different grades of 
frequency of insulin reactions is not feasible; 
there is an overlap between stable and _ brittle 
diabetes in respect to the frequency of insulin 


TABLE 1 
GRADES OF FREQUENCY OF INSULIN REACTIONS 


Grade Frequency of Insulin Reactions 
0 None 

1+ One or two since diabetes 

2+ One or two yearly (consistently) 


3+ | One monthly (consistently) 

3-4+ Between grades 3+ and 4+ (not consistently) 
4+ One weekly (consistently) 

4-5+ | Between grades 4+ and 5+ (not consistently) 
5+ | Two or three weekly, or more 
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TABLE I 
ATYPICAL CASES—-GROUP | 
Diabetic Patients with | ypical Findings in the First Criterion and Atypical Findings in Other Criteria 


Case No. and | First Criterion | Second Criterion | Third Criterion _ atte Anita Grade of Fre- 
Patient's (distribution (differences above (differences below (ketonuria) quency of Insulin 
Initials | curve) 100 mg. %) 60 mg. %) Reactions 
At A 0 3+ 
T A 0 a+ 
T A 3+ 
it@¢@ T A T 0 0 
5, E. L. T T T 0) i+ 
I A A 3+ 
lo neue T A A 0) 1+ 
8, B. G. T = A 0 2+ 
9, M. S. T x A 0 4-5+ 
10, C. B. T T T 0 3+ 
11, C. A A 0) | 0 
12, M. P. T T ¢ | 0 
* T = typical findings. 
t A = atypical findings. 
TABLE 11! 


ATYPICAL CASES—GROUP II 
Diabetic Patients with Typical Findings in the Second Criterion and Atypical Findings in 
Other Criteria 


Case No. and First Criterion 


Patient's (distribution (differences above 
Initials curve) 100 mg. %) 
2, A. M. A T 
3, Ba. E. A T 
4, R.C. A T 
5. A T 
6, E. M. A T 
7,C.S. A T 
8,1. S. A T 
9, A. B. A . 
im A T 


Second Criterion | 


Third Criterion 
(differences below 


Grade of Fre- 


| Fourth Criterion 
quency of Insulin 


60 mg. %) (ketonuria) Reactions 
A 0 3-4+ 
+ 3+ 
T 0 3-4+ 
T 4+ 
A 0 4+ 
T 0 3+ 
A 0 3+ 
\ + 34 
A + 3+ 
A 0 4+ 
T + 3-4+ 


* T = typical findings. 
+ A = atypical findings. 


reactions seen in grade 3. If one is aware of the 
difficulty in separating grade 3 from grade 
3-4, it should be apparent that if the classifica- 
tion were based on the frequency of insulin 
reactions alone almost 30 per cent of patients 
with brittle diabetes could be classified as stable, 
or 10 per cent of patients with stable diabetes as 
brittle. 

Of 172 patients studied, twenty-three patients 
did not meet all criteria for classification as 
having stable or brittle diabetes. These atypical 
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cases were divided further into two groups. The 
first group (Table u, atypical group 1) includes 
those patients who showed a typical V-shaped 
curve but were atypical in respect to one, two or 
three of the other criteria. In this group of pa- 
tients only two of twelve showed ketonuria, and 
only one had quite frequent insulin reactions; 
three never had had any and seven had had 
infrequent insulin reactions. The second group 
includes those patients (Table mm, atypical group 
11) who did not show typical V-shaped curves but 
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in all cases the differences above 100 mg. per 
cent were above 15 per cent, as seen in patients 
with brittle diabetes. It was interesting to note 


that in this group there was a higher frequency of 


insulin reactions and ketonuria as compared 
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with the previous group. On this basis this group 
could be classified as *‘possibly brittle.” 

Clinical Data. Clinical data of the cases that 
fulfilled all the criteria of the classification shall 
be presented first. 

Of seventy-nine patients with stable diabetes 
all were more than forty years of age except two 


TABLE IV 
DURATION OF DIABETES IN PATIENTS STUDIED 


Stable | Brittle 
Duration 
(yr.) | No. of Range No. of | Range 
Patients (yr.) Patients (yr.) 
Above 30 1 | 2 | 
20 to 30 19 10 to 37 11 “10 to 33 
10 to 20 44 | 35 
1 to 10 15 4to 8 22 | 2 to 8 


(range thirty-six to eighty-three years); and of 
seventy patients with brittle diabetes fifty-three 
were more than forty years of age (range forty- 
one to eighty-four years) and seventeen between 
the ages of twenty-five and thirty vears. 


+ - 1] + 10; 
DIFFERENCE BETWEEN LAST DIFFERENCE BETWEEN MAximwUM 


%o WEIGHT ANDO IDEAL WEIGHT WEIGHT AND IDEAL WEIGHT 
$0 
77.2 


% 3.2 
30- 
| 2308 
20 - 920.0 20.9 
| 


Of the patients with stable diabetes forty-three 
were women and thirty-six were men: a ratio of 
females to males of 1.19:1. Of the patients with 
brittle diabetes forty-four were women and 
twenty-six were men: a ratio of females to males 
of 1.69:1. 

The duration of diabetes since first diagnosed 
up to the time the patient was last seen is 
recorded in Table tv. 

In Figure 5 the weights of patients when last 
seen are recorded. In stable diabetes a higher 
incidence of patients weighing between 140 and 
160 pounds was found as compared with the 
highest percentage in cases of brittle diabetes in 
the group weighing 120 to 140 pounds. For their 
maximum weights the highest percentage was 
found for patients with stable diabetes in the 
group weighing more than 200 pounds, as com- 
pared with cases of brittle diabetes in which the 
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highest percentage was present in the group 
weighing 140 to 160 pounds. By comparing the 
present weights and maximum weights of these 
patients to their ideal weights, it is noted (Fig. 6, 
Tables v and v1) that 91.6 per cent of patients 
with stable diabetes have had a maximum 


‘TABLE V 
DIFFERENCE BETWEEN WEIGHTS WHEN LAST SEEN 
AND IDEAL WEIGHTS 


Stable Brittle 
(%) (%) 
Above ideal weight: 
Difference of 20 pounds and more 23.2 se 
Difference of 10 to 20 pounds 26.0 7.2 
Difference of 1 to 10 pounds 16.4 12.9 
lotal 65.6 23.0 
Equal to ideal weight: . 5.7 
Below ideal weight: 
Difference of 20 pounds and more 5.4 <a 
Difference of 10 to 20 pounds 8.2 a.s 
Difference of 1 to 10 pounds 17.8 | 23.0 
Total. . | 78.4 


weight above their ideal weight as compared 
with 65.0 per cent of patients with brittle 
diabetes. Patients with stable diabetes showed 
a 77.2 per cent incidence of increased weights of 
20 pounds or more above their ideal weight as 
compared with 20 per cent in cases of brittle 
diabetes. When the present weights were com- 
pared with the ideal weights, 65.6 per cent of 
patients who had stable diabetes showed weights 
above ideal as compared with 23 per cent in 
patients who had brittle diabetes. In cases of 
stable diabetes 23.2 per cent of the patients 
showed differences of 20 pounds or more as com- 
pared with 2.9 per cent in patients with brittle 
diabetes. 

Frequency of Insulin Reactions. Several types of 
insulin preparations and their combinations have 
been used in attempting to obtain normo- 
glycemic control in these patients. At least two 
types of preparations were administered at one 
time in 89.6 per cent of patients with brittle 
diabetes and in 48 per cent of patients with stable 
diabetes. In about 20 per cent of patients in both 
groups, three or four types of insulin prepara- 
tions have been tried and their control evaluated. 
Most patients with brittle diabetes were treated 
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with a mixture of protamine zinc and regular 
insulin. Patients with stable diabetes, in con- 
trast, were mostly treated with protamine insulin 
alone. Small supplementary insulin doses were 
used, depending upon the results of daily urine 
sugar tests, and 67.6 per cent of the patients with 


TABLE VI 
DIFFERENCE BETWEEN MAXIMUM WEIGHTS 
AND IDEAL WEIGHTS 


Stable Brittle 


(%) | (%) 
Above ideal weight: 

Difference of 20 pounds and more.. 77.2 20.0 
Difference of 10 to 20 pounds... . 9.6 | 20.0 
Difference of 1 to 10 pounds... . 4.8 | 25.0 
91.6 65.0 
Equal to ideal weight:. . 

Below ideal weight: 
Difference of 20 pounds and more... 1-6 2.9 
Difference of 10 to 20 pounds....... .... | 5.0 
Difference of 1 to 10 pounds....... 6.4 | 15.0 


brittle diabetes used these consistently. In pa- 
tients with stable diabetes 27 per cent used these 
supplementary doses inconsistently and 72.9 per 
cent did not use them at all. A classification for 
frequency of insulin reactions has already been 
presented. In 60 per cent of patients with brittle 
diabetes insulin reactions occurred from one to 
two or three times weekly. Forty per cent of the 
patients with stable diabetes never had any in- 
sulin reactions. The overlap seen in the two dia- 
betic groups has already been discussed. 

The relationship of the occurrence of hypo- 
glycemic reactions to physical exercise was 
noted. In patients with brittle diabetes 86 per 
cent appeared to be sensitive to physical work; 
in 87.2 per cent of patients with stable diabetes 
this never occurred. | 

Insulogenic Lipodystrophies. in both diabetic 
groups the incidence of insulogenic lipodystro- 
phies was noted. These were present in 29 per 
cent of the patients with brittle diabetes; none 
were found in patients with stable diabetes. ‘The 
type of lipodystrophy seen in these patients was 
that designated insulin lipoatrophy. The highest 
incidence of lipoatrophy was present in female 
patients with diabetes. 
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TABLE VII 
INCIDENCE OF DIABETIC RETINOPATHY 
(Duration of Diabetes, More than 10 Years) 


| | 


Grade of Diabetic Retinopathy 


a 


Diabetes _ No. of 0 | - 
Patients 
No. | % No 
Stable 
Type A.. 32 15 46.8 8 
27 11 40.7 0 
59 26 43.8 8 
Brittle: 
Type A 2 19 76.0 4 
& 20 8 40.0 7 
45 27 59.9 11 


I! Il 

24.9 7 21.8 ] 

G 3 11.1 7 25.9 
13.5 13 21.9 4 6.6 13.4 
6.0 ] 40 () ] 40 
35.0 5 95,0 T 


Degenerative Complications. Only those pa- 
tients with a complete history have been in- 
cluded in the study. 

Diabetic retinopathy: The following classifica- 
tion of diabetic retinopathy was used:'*~'* Grade 
I, presence of punctate hemorrhages or micro- 
aneurysms alone; grade 1, presence of punctate 
hemorrhages or capillary aneurysms, scattered 
hemorrhages of larger size, and small, hard, 
white or yellow exudates; grade 11, presence of 
punctate hemorrhages or capillary aneurysms, 
small, hard, white or yellow exudates, scattered 
large hemorrhages and neovascularization; grade 
Iv, presence of the findings listed under grade 11 
plus retinitis proliferans or retinal detachment. 
The same ophthalmologist evaluated the grades 
of retinopathy in all patients. 

In patients with diabetes for less than ten 
years, the incidence of diabetic retinopathy was 
as follows: of thirteen patients with stable 
diabetes eight did not have any diabetic retinop- 
athy, four had grade 1 and one grade nu. Of 
twenty-two persons with brittle diabetes nine- 
teen did not have any diabetic retinopathy and 
three had grade 1. Due to the smaller number of 
cases in this group the percentages were not 
computed. 

In Table vu the per cent incidences of the 
various grades of diabetic retinopathy are 
recorded for the different types of diabetes 


in those patients who have had diabetes for 


more than ten years. The incidence of diabetic 
retinopathy is much higher in patients with 
stable diabetes than in those with brittle dia- 
betes; 20.0 per cent of the patients in the stable 
group had diabetic retinopathy grade 11 or Iv, as 
compared with 2.2 per cent in the brittle group. 
In the latter group, six patients who had had 
diabetes for twenty-one, twenty-three, twenty- 
five, twenty-six, twenty-nine and twenty-nine 
vears, respectively, had no diabetic retinopathy, 
and only one patient with brittle diabetes 
who had had the disease for thirty-three vears 
had diabetic retinopathy grade iv. The latter 
patient, when examined in the Department of 
Ophthalmology two years earlier (duration of 
diabetes thirty-one years), showed no signs of 
retinopathy. If types A and B in stable diabetes 
(Table vu) are compared, it will be noted that 
the incidence of diabetic retinopathy is much 
higher in type B (that is, in the group with higher 
blood sugar levels). ‘The incidence of retinopathy 
in the two types of patients with brittle diabetes 
are not distinctly different. In Figure 7 the per 
cent incidence of diabetic retinopathy is plotted 
when computed for the total number of patients 
in each group. 

Diabetic nephropathy: Repeated urinalyses were 
of course obtained in all patients, and urea 
clearance rates were determined in 50 per cent 
of the group with stable diabetes. Of seventy- 
nine patients with stable diabetes, three showed 
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TABLE vu 
INCIDENCE OF CARDIOVASCULAR COMPLICATIONS 
(Duration of Diabetes, More than 10 Years) 


O 
Diabetes No. of 
Patients | 
No.| % |No.| % |No.| 
Stable: | | | | 
Type A....| 33 | 14 |42.4} 10 |30.3| 9 |27.2 
Type B....' 25 4 16.0) 6 (24.0) 15 (60.0 
Total... 58 | 18 16 27.5) 24 |72.2 
Brittle: | | | | | 
TypeA....| 26 | 16 (61.4) 5 |19.2) 5 2 
TypeB....j 212 | 17 3 14.2 1 | 4.7 


| 
Total.. 47 | 33 69.9 8 16.9 6 


Note: O = cardiovascular system normal; H = hyper- 
tension present; A = arteriosclerosis present. 


evidence of renal impairment. None of the sixty- 
nine patients with brittle diabetes showed any 
proteinuria other than occasional traces. In 
fifty of these patients urea clearance tests were 
performed and were found to be normal. 
Degenerative lesions in cardiovascular system: These 
were divided into three groups: The first group 
(O) includes patients with no clinical or labora- 
tory evidence of arteriosclerosis. The second 
group (H) includes those with hypertension but 
no other evidence of cardiovascular damage. A 
diagnosis of hypertension was made, according 
to the criteria of the New York Heart Associa- 
tion, when on repeated recordings a systolic 
blood pressure is over 140 mm. Hg or a diastolic 
over 90 mm. He; these values are considered 
the lowest limit for the diagnosis of high blood 
pressure. The third group (A) includes all 
patients who presented several indications of 
arteriosclerosis (angina pectoris, calcified arteries, 


electrocardiographic findings of myocardial 


infarction, or conduction disturbances, evidence 
of impaired peripheral circulation, funduscopic 
findings); in most of these patients diagnosis 
had been made previously by the physician in 
charge. In patients with diabetes of less than ten 
years’ duration the incidence of complications in 
the cardiovascular system were as follows: of 
fourteen patients with stable diabetes three had 
hypertension only and seven had overt arterio- 
sclerosis; of twenty-one patients with brittle 
diabetes only two had overt arteriosclerosis. 
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In Table vin the per cent incidence of arterio- 
sclerotic findings are recorded for cases of stable 
and brittle diabetes of more than ten years’ 
duration. Patients with stable diabetes showed a 
higher incidence (72.2 per cent) of degenerative 
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lesions in the cardiovascular system than did 
those with brittle diabetes (12.7 per cent). ‘There 
was a marked difference between type A and 
tvpe B in patients with stable diabetes, the 
higher incidence being in type B (60.0 per cent) 
as compared with type A (27.2 per cent). 

Due to the higher female-to-male ratio in 
brittle diabetes the incidence of cardiovascular 
damage was computed according to sex for pa- 
tients having diabetes for more than ten years. 
Twenty-four men and thirty-four women had 
stable diabetes; eight of the men (33.2 per cent) 
and sixteen of the women (47.0 per cent) had 
overt arteriosclerosis. Nineteen men and twenty- 
eight women had brittle diabetes; two of the 
men (11.5 per cent) and four of the women (14.2 
per cent) had overt arteriosclerosis. These figures 
indicate that the lower incidence of frank arterio- 
sclerosis found in brittle diabetes is not the result 
of the higher female-to-male ratio observed in 


this group. 
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TABLE IX 
CLINICAL FINDINGS IN DIABETIC PATIENTS OF ATYPICAL GROUP | 


Difference Difference 


Case No. Age | Duration Maxi- | between | between Insulin . 
Age | di ‘ Reti- Neph- 
and of Weight mum Last Maximum Lipo- Arterio- 
Patient’s Sex | Diabetes (Ib.) Weight | Weight | Weight | dys- P de) | athy | Slerosis 
Initials (lb.) and Ideal | and Ideal trophies 
| | | | Weight | Weight | | | 
1,W.P. |65,M| 37 | 157 IV 0 A 
3, E. A. 33, F - 8 146 165 +13 +32 + I 0 O 
80, F 26 153 +22 0 0) \ 
20 130 165 —9 +26 0) 
39, M 10 152 165 +12 0 0 
7 oe 69, F 14 108 180 —22 +50 0 0 0) \ 
8, B. G. 31, M 21 146 +14 0 
9,M.S. | 29, M 14 160 —10 0 11 + \ 
10, C. B. 52, M | 21 129 ay —47 - 0 IV + O 
65, F 31 158 200 +14 +56 0 IV 0) 
| 81, 13 118 —6 0 0 0 \ 
TABLE X 
CLINICAL FINDINGS IN DIABETIC PATIENTS OF ATYPICAL GROUP II 
Difference Difference | 
Case No. \ Duration Maxi- between between Insulin  Reti- Ne 
Age | ee Neph- 
and of Weight mum Last Maximum Lipo- nopa- rop- Arterio- 
Patient's Sex Diabetes (Ib.) Weight Weight Weight dys- thy | sclerosis 
Initials (Ib.) and Ideal and Ideal trophies | (grade) 
Weight Weight | 
129 | 151 | —2!1 +4 0 A 
1 11 161 | 162 0 | 0 0 O 
17 135 183 —14 (| +34 0) 0 
4,R.C 64, M 12 133 165 —9 +23 + 0 0 O 
ae Ae | 52, M 12 120 145 —10 +2 0 | 0 0 O 
6, E.M 28, M 10 134 —10 ema. er ee 0 0 O 
74, M 23 oe. 4. +10 +97 0 I 0) A 
8, 1.8 43,M 17 165 185 +20 +37 0 0 O 
16 122 0) 0 0 O 
3.2. +47, 7 15 132 140 | —4 +8 + 0 | H 
11,E.V. | 44,M 10 164 Lee Gore | 0 0 | 0 ey 


A further analysis, of relation to age of patient, 
was made of the incidence of overt arterio- 
sclerosis in patients with diabetes for more than 
ten years. It was noted that in persons with stable 
diabetes the higher incidence of arteriosclerosis 
occurred in the range of sixty-one to seventy 
years (thirteen of twenty-four patients with overt 
arteriosclerosis) as compared with patients with 
brittle diabetes for the same age range (two of 
six with overt arteriosclerosis). In view of the 
higher incidence of patients included in the age 


range of sixty-one to seventy years in the stable 
diabetic group (50.4 per cent) as compared with 
the brittle diabetic group (14.2 per cent), it 
should be indicated that this difference may have 
a definite bearing on the higher incidence of 
arteriosclerosis in patients with stable diabetes. 
In Tables 1x and x are presented the clinical 
findings in the patients who did not fulfill all 
criteria of the classification. The differences in 
respect to their classification have been previ- 
ously discussed. Most of the patients in the first 
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group have retinopathy, and four have retinitis 
proliferans. Four patients in this group showed 
renal impairment and seven presented evidence 
of vascular damage. In comparison, patients in 
group i who were classified as possibly having 
brittle diabetes showed fewer degenerative 
complications. 


COMMENTS 


There is a disparity of opinion among physi- 
clans regarding treatment of patients with 
diabetes. Conflicting findings of different workers 
on the incidence of degenerative complications in 
controlled or uncontrolled diabetes has further 
confused this problem. Frequently, patients with 
long-standing diabetes are seen in whom the 
blood sugar values have been consistently 
Huctuating in all extremes in spite of attempts to 
obtain normoglycemic control and yet who ap- 
pear to have very slight degenerative complica- 
tions. Observations of this kind have added 
further doubts to the importance of normo- 
glycemic control in diabetes mellitus. 

It is the authors’ belief that these conflicts 
in opinion and findings result from uncertainties 
as to definition of the term “control,” and from 
the possibility that error may have been intro- 
duced when the occurrence of two types of 
diabetes mellitus was not accepted. If one as- 
sumes that different types of diabetes exist, one is 
justified in doubting that similar standards of 
control can be used in both groups. 

If one attempts to classify control according to 
the standards introduced by Wilson, Root and 
Marble,'* a number of our patients with brittle 


diabetes who have been followed consistently for _ 


ten to fifteen years and have been giving maxi- 
mum cooperation would be classified as in excel- 
lent or good control in spite of the fact that ideal 
normoglycemic control never has been obtained. 
If one attempts to use as criterion the “glycosuric 
score,”’'® patients with brittle diabetes would be 
classified as poorly controlled. This criterion is 
of limited value in patients with brittle diabetes 
due to the inconsistent correlation between blood 
sugar values and urinary tests, especially when 
recorded on single specimens. If one attempts 
to classify according to the incidence of ketosis, 
error again is introduced because in persons with 
stable diabetes complete withdrawal of insulin 
will produce ketosis only after several days, in 
contrast to persons with brittle diabetes in 
whom reduction of the amount of insulin given 
will produce ketosis in a much shorter time. 
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In the classification used in this study an 
attempt has been made, first to separate patients 
with stable and brittle diabetes and second to 
express type of control separately in the two 
groups. Of 172 patients, 149 fulfilled all criteria 
and were separated into stable and _ brittle 
groups. In twenty-three cases such clear separa- 
tion was not possible. However, when these 
patients were further classified according to one 
of the other criteria used, those who showed a 
high percentage of differences in blood sugar 
levels exceeding 100 mg. per cent (designated 
“atypical group 1’) appeared to have a higher 
frequency of insulin reaction and ketonuria than 
the remainder (called ‘‘atypical group 1°) 
and could be classified as ‘possibly brittle.”’ We 
are uncertain how to classify those patients in 
atypical group 1, some of whom never had insulin 
reactions or never were shown to have ketosis, 
but did present a V-shaped distribution curve of 
blood sugar results. (Fig. 1.) [tis not clear whether 
or not this group includes diabetic persons with 
true insulin sensitivity. Four of twelve patients 
did present definite signs of renal impairment 
and uremia and this may have had an influence 
on their stability. The absence of ketonuria more 
definitely excludes them from classification as 
having brittle diabetes. 

From this study it is evident that the V-shaped 
type of distribution curve for blood sugar alone 
is not an adequate criterion but does suggest 
that a patient has an unstable type of diabetes. 
The high per cent incidence of differences in 
sugar levels of more than 100 mg. per cent seems 
to be, in conjunction with other criteria, a more 
reliable index of brittleness. 

A further attempt was made to express type of 
diabetic control. In patients with stable diabetes 
two types of curves (A and B) were obtained. On 
theoretic grounds one would expect that patients 
with type A, who had 60 per cent or more of 
blood sugars in the lower ranges, would be 
characterized as good control, and those with 
less than 60 per cent (type B) as poor control. 
It was of interest that patients with stable dia- 
betes and with poor control (type B), especially 
those with long-standing diabetes, had a higher 
incidence of diabetic retinopathy and of de- 
generative complications in the cardiovascular 
system than did patients with stable diabetes 
with good control (type A). 

In patients with brittle diabetes the subdivi- 
sion into type A and type B was not based on 
very distinct characteristics. Those who might 
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be designated in good control differed little from 
the remainder and the authors were unable to 
find any difference in the incidence of degenera- 
tive complications between these two types. 

In comparing the difference in clinical findings 
in the stable and brittle group, there is a higher 
proportion of women among cases of brittle dia- 
betes. In comparing the weights of these patients 
and the differences of ideal and maximum 
weights, one can conclude that persons who have 
stable diabetes are more frequently overweight 
than those who have brittle diabetes. It has been 
reported by others. that the insulin-sensitive 
tvpe of diabetes is seen mostly in the thin under- 
weight patient. Most patients attained their 
maximum weights before diabetes had devel- 
oped. In patients with stable diabetes the weight 
was reduced from 200 pounds or more to the 
range of 140 to 160 pounds (average of weight 
lost, 50 pounds): whereas in patients with brittle 
diabetes the weight was reduced from the range 
of 140 to 160 pounds to the range of 120 to 140 
pounds (average of weight lost, 20 pounds). 
This indicates not only that persons with stable 
diabetes are obese but also that loss or gain of 
weight in these patients occurs in larger weight 
ranges. [his is in close agreement with the 
clinical impression that persons with stable 
diabetes gain weight rapidly if they do not follow 
their diet strictly, in contrast to those with brittle 
diabetes who do not gain weight readily. 

The studies of Draper, Dupertuis and 
Caughey,‘ and of Lister, Nash and Ledingham'* 
of the constitutional make-up of patients with 
diabetes indicate that there are two clinical 
types of diabetes which can be identified by cer- 
tain typical constitutional stigmas; a close cor- 
relation of these types to the presence or absence 
of insulin sensitivity was shown. 

Two other characteristics of persons with brit- 
tle diabetes are high incidence of insulin reac- 
tions occurring after physical activity and high 
incidence of insulin lipodystrophy, especially in 
women. Paley'® has reported a higher incidence 
of lipodystrophy in women and in those diabetic 
persons using protamine zinc insulin. The im- 
plications of these differences are not clearly 
understood. It is the belief of the authors that 
brittleness cannot be explained on the basis of 
irregular absorption from the site of insulin 
lipoatrophy, as has been suggested,*" because all 
patients with insulin atrophy consistently avoid 
these areas for injection; furthermore not all 
persons with brittle diabetes have lipodystrophy. 


Stable and Brittle Diabetes—Aliisatos, McCullagh 


The incidence of diabetic retinopathy of 
grades m1 and tv was significantly higher in the 
stable than in the brittle group. The infrequency 
of grades 11 and tv retinopathy in persons with 
brittle diabetes might indicate that there is a 
lesser degree of severity of complications; how- 
ever, there is a possibility that retinitis proliferans 
is not present in this type of diabetes. Ehlers*' 
has pointed out that simple and proliferating 
diabetic retinopathy are two fundamentally 
different occular disorders and may be caused 
by two different types of diabetes. 

The incidence of cardiovascular damage was 
much higher in patients with stable diabetes of 
ten or more years duration, especially in those 
with poor control. The smaller incidence of 
arteriosclerosis found in brittle diabetes is not 
accounted for by the higher ratio of female to 
male patients seen in this tvpe of diabetes. The 
work of James, Post and Smith,** and others, has 
indicated a sharp rise in incidence of myocardial 
infarction in women after the fifth decade. The 
higher incidence of patients in the age range of 
sixty-one to seventy years in the group with 
stable diabetes may account to some extent for 
the higher incidence of complications in this 
group. However, it has been shown**** that 
diabetes mellitus eliminates the relative im- 
munity of women and that of younger patients to 
atherogenesis. 

It is apparent from these findings that if a 
classification is used in which diabetic subjects 
are compared only according to control, without 
taking into consideration types of diabetes mel- 
litus, an error is introduced in evaluating inci- 
dence of degenerative complications because, 
for example, patients with brittle diabetes will be 
included with those patients having poorly con- 
trolled stable diabetes. This possibly may explain 
the findings of others that poorly controlled 
diabetic subjects occasionally show no degenera- 
tive complications, leaving in doubt the signifi- 
cance of normoglycemic control. 

Why adult patients with brittle diabetes have 
fewer complications is not clear. The possible 
implication of the adrenal gland as the limiting 
factor for differences found in the two types of 
diabetic patients is an intriguing one but no 
definite substantiating evidence in human beings 
is available. 

Metabolic mechanisms which come into play 
in fasting patients or in those with impaired 
carbohydrate utilization, in both of whom ketosis 
develops, are thought to be quite similar. One 
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may postulate on this basis that the patient with 
brittle diabetes in whom ketosis consistently and 
frequently develops is, metabolically speaking, in 
a state of repeated “endogenous fasting’’ in 
which fat is catabolized much more than it is in 
the patient with stable diabetes. If this assump- 
tion is correct one could possibly explain the 
differences in weights found in these patients and 
possibly the smaller incidence of degenerative 
complications. The mechanism of insulin sensi- 
tivity and the liability of these patients with 
brittle diabetes to the development of ketosis are 
not as vet clearly understood. 


SUMMARY 


1. A classification of diabetes, based on the 
study of 172 patients, is presented. An attempt is 
made to separate persons with stable diabetes 
from those with brittle diabetes, and to express 
diabetic control in these patients. 

2. The incidence of degenerative complica- 
tions was higher in patients with stable diabetes 
than in those with brittle diabetes. 

3. The incidence of severe diabetic retinop- 
athy (grades mm and tv) in adult patients with 
brittle diabetes with long-standing diabetes was 
very low. 

4. Patients with stable diabetes with poor con- 
trol showed a significantly higher incidence of 
late degenerative complications than patients 
with stable diabetes with good control. 

5. Further indications are presented to sup- 
port the concept, already described in the liter- 
ature, that there are two types of diabetes mel- 
litus which should be looked upon as distinct 
metabolic entities. 


Acknowledgment: The authors wish to express 
their appreciation to Walter L. Oswald for 
technical assistance. 
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_ Observations of Human Adrenal Cortical 
Deficiency’ 


With Special Reference to Replacement Therapy with Cortisone 


A. GoRMAN Hits, M.p., HAROLD A. ZINTEL, M.D. and Davin W. Parsons, M.D. 


Miami, Florida 


VER a period of five years adrenalectomies 
O with or without sympathectomies have 
been performed in the University Hospital in 
a large number of patients as an experimental 
therapeutic approach to severe hypertensive 
disease. The therapeutic value of the procedures 
employed is appraised from time to time by a 
general follow-up study and is not the concern 
of this report.'~® The present report is an account 
of clinical studies which have been made in a 
smaller group of these adrenal-deficient patients, 
together with related data on persons with 
spontaneous Addison’s disease. The results are 


of interest in respect to some general aspects of 


the physiology of adrenal-deficient man. 

Cortisone and desoxycorticosterone consti- 
tuted the chief steroid therapy used in these 
patients over the five-year period. The authors 
have made a long-term survey of the merits and 
deficiencies of these agents as substitutes for the 
secretion of the adrenal cortex. This experience 
should prove useful as a standard of comparison 
for future evaluation of newer agents in the 
management of adrenal deficiency, notably 
aldosterone and the synthetic halogenated and 
unsaturated derivatives of hydrocortisone and 
cortisone. 

The studies presented deal particularly with 
two aspects, namely, (1) whether or not sur- 
gically produced primary adrenal deficiency in 
man differs in kind or in degree from spon- 
taneously occurring Addison’s disease, and (2) to 
what extent cortisone (with or without supple- 
mentation with desoxycorticosterone) falls short 
of furnishing entirely satisfactory maintenance 
therapy for adrenal-deficient man. 


New York, New York 


Princeton, New Jersey 


METHODS 

This presentation is based in large part upon data 
collected on a group of patients who, as of March 1, 
1955, were being followed weekly in a special adrenal- 
ectomy follow-up clinic; those who had been under 
observation for less than six months following second 
stage adrenalectomy were excluded from this study. 
The clinical material is otherwise unselected but it 
does not include patients who died after adrenal- 
ectomy prior to March 1955, nor adrenalectomized 
private patients not under the care of the follow-up 
clinic. The duration of follow-up of the adrenalectom- 
ized patients reported ranges from six months to five 
vears. All these patients have been seen by one of the 
authors (A. G. H.) on almost every clinic visit over a 
four year period. The negative data in the tables are in 
every case based upon specific questioning and per- 
sonal examination of individual patients. 

Table 1 lists the adrenalectomized patients com- 
prising the material covered in this report. Seventeen 
patients had been subjected to total bilateral adrenal- 
ectomy and twenty-seven to subtotal adrenalectomy, 
which generally comprised total removal of one 
adrenal gland and resection of about 95 per cent or 
more of the other. In one instance (S. W.), however, 
a remnant of both adrenal glands was left im situ. 
Adrenalectomy was performed in two stages, sepa- 
rated by an interval usually of about ten days, oc- 
casionally longer. Follow-up is dated from completion 
of the second stage procedure. In most of the patients 
adrenal resection was accompanied on both sides by 
surgical attack on the sympathetic nervous system, 
consisting most commonly of excision of the twelfth 
thoracic and first two lumbar ganglia with inter- 
ruption of the three splanchnic nerves. The operative 
details are given elsewhere.* ‘Two patients were sub- 
jected to a second exploration at the site of the original 
subtotal adrenal resection with total (patient B. L.) 
or subtotal removal (patient T. C.) of the residual 


* From the Edward B. Robinette Foundation and the Endocrine Section, Medical Clinic, Hospital of the University 
of Pennsylvania, and the Departments of Medicine and Surgery, School of Medicine, University of Pennsylvania. ‘This 
investigation was supported in part by research grants of the National Heart Institute, United States Public Health 


Service. 
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TABLE | 
MINIMAL HORMONE REQUIREMENT AND TWENTY-FOUR HOUR URINARY EXCRETION OF SODIUM AND 
POTASSIUM ON SELF-SELECTED DIETS 
Minimal Hormone Requirement * Urinary Excretion 
Oral Buccal 
Patient Sex and Race Cortisone Desoxycorticosterone Melanosis * Na K 
Acetate Acetate (mkq./24 hours) (mEq./24 hours) 
A. Patient: Who Had l indergone Total Adrenalectomy 
A. Be. FLW 37.5 2 0 
P. B. 37 .5 2 
H. D. M, W 37.5) 0 
37.5 0 
T. D. M, W 18.8 3 0 
>. F. M,W 37.5 2 0 | 208; 69 45; 83 
FP. J. F,N 25 t 2) 7 | 0 
7.5} a} | 
B. J. M,N 50 0 4. 4. | 
R. L. FLW 37.5 0 | 
A. Mo. M, W 25 0 | 
50 
&. M, W 25 1 | 
A. S. M, W 18 8 2 
M. S. F,N 25 2 ++ 172 44 
M. W. F, W 12 t 0 90; 160 28; 36 
25 0 
We, M, W 25 1 
Mean 32.7 1.7 
B. P atients ‘ho Had Indergene Subtotal Adrenalectomy 
I. B. F, N 0 0 potas 
A. Bo. 18 | 0 
E. D. M, W 0 0 0 
M. H. 0 0 169 58 
M. M. F, W 0 0 
H. M. F,W 25 
F. M. M,W 25 0 | 0 165 62 
H.R. F,W 0 0 | 0 | 221 91 
S. M, W 6.3 2 | 0 
D. Z. | FLW 0 0 | + 
| Mean 12.4 0.7 | | | 


* See text. 


t Minimal requirement for cortisone was determined separately with and without 1 omens desoxycorti- 
costerone. The upper figure of the paired values was used in computing the mean values. 


SEPTEMBER, 1956 


360 


adrenal tissue. Follow-up of these patients for purposes 
of this report dates from the last operation. 

Certain studies have also been made of the patients 
currently under the care of the endocrine clinic in 
whom Addison’s disease had been documented, in 
order to permit comparison of spontaneous and iatro- 
genic adrenal deficiency. The patients and diagnostic 
criteria are listed in Table u. 

Determinations on blood or urine were made in a 
special research laboratory operated exclusively for 
the study of adrenalectomized patients and the follow- 
ing methods employed: sodium and potassium with the 
aid of a Baird Associates flame photometer equipped 
with internal lithium standard, urea by Karr’s 
method,’ and eosinophils by Manners’ method.°* 
All twenty-four hour urine collections were checked 
for accuracy by estimation of twenty-four hour urinary 
creatinine excretion.’* Neutral reducing lipids were 
measured both in mineral acid (pH 1) hydrolysates 
and on samples subjected to prior hydrolysis for forty- 
eight hours at pH 4.5 with 6-glucuronidase derived 
from spleen. Blood glucose concentrations’? and serum 
cholesterol concentrations’’ were determined in the 
William Pepper Laboratory. 


OBSERVATIONS AND RESULTS 


Determination of Minimal Hormone Requirements. 
(Table 1.) It was a principle in the management 
of these patients that following adrenalectomy 
the minimum quantity of adrenal steroids should 
be administered which was consonant with the 
patient’s continued well-being. Accordingly, the 
minimal hormone requirement was determined 
in all of them as follows. Cortisone was admin- 
istered to all patients in liberal quantity with or, 
more commonly, without desoxycorticosterone 
during the early postoperative period after the 
second stage adrenalectomy. Thereafter gradual 
stepwise reduction of exogenous steroid therapy 
was effected until clear-cut clinical and chemical 
signs of adrenal insufficiency became manifest. 
Cortisone acetate dosage was reduced in steps of 
12.5 mg. per day between the dose levels of 
50 and 25 mg. daily, and in steps of 6.25 mg. per 
day from the dose level of 25 mg. per day to 
zero. Steroid therapy was then increased for a 
few days until signs and symptoms of adrenal 
insufficiency had cleared. Replacement therapy 
was then provided in the next amount above 
the dose at which adrenal insufficiency had 
appeared. 

Some months thereafter a second trial on 


* The authors are indebted to Dr. F. C. Dohan for 
determinations of twenty-four hour urinary excretion of 
total neutral 17-ketosteroids'® and neutral reducing 
lipids,’’ which were performed in his laboratory. 
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smaller amounts of steroid was made, and in 
most instances further efforts were made subse- 
quently to reduce the replacement therapy 
supplied. In several patients the minimum re- 
quirement was somewhat elevated during the 
early postoperative months but by six months 
after adrenalectomy the hormone requirement 
had become well stabilized in all patients except 
S. W. The minimal hormone requirement in this 
subject was still decreasing two to three years 
after subtotal adrenalectomy. More detailed 
data, which suggest that some adrenal cortical 
regeneration was occurring in this subject, are 
presented subsequently. The other patients have 
all been maintained throughout the period of 
follow-up on the minimal hormone require- 
ments, with the following exceptions: (1) Addi- 
tional hormone, especially desoxycorticosterone, 
has generally been given to all patients during 
the hot summer months as a safeguard against 
salt depletion due to excess sodium loss in 
sweat. (2) Additional hormone has been given 
when necessary for the treatment or prevention 
of intercurrent episodes of acute adrenal insuffi- 
ciency. (3) In certain patients extra hormone 
has been given at times in order to make various 
experimental observations of the effects of this 
procedure. 

In Tables 1 and u are shown the minimal 
hormone requirements, determined as described. 
The amounts of steroid shown are those which 
were being administered as of March 1955, 
except for those given to a few patients who were 
being subjected at that time to clinical experi- 
ments involving manipulation of steroid therapy. 
A number of the patients were receiving a 
small quantity (1 to 3 mg.) of buccal desoxy- 
corticosterone acetate in addition to cortisone. 
This supplementary medication was frequently 
given to patients having undergone total 
adrenalectomy, especially those on relatively 
salt-poor diets by preference, partly because of 
reported evidence that moderate quantities of 
cortisone alone may not safeguard the salt 
balance of adrenal-deficient persons under 
ordinary circumstances.'* However, a number 
of patients having undergone total adrenal- 
ectomy have been maintained for many months 
on 50 mg. or less of oral cortisone without 
any desoxycorticosterone and, except during the 
hot summer months, without supplementary salt. 
Apparently in these patients salt balance was 
maintained during these periods, because both 
extracellular fluid volume, as judged by fre- 
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TABLE 
PATIENTS WITH SPONTANEOUS ADDISON'S DISEASE 
Usual Maintenance Therapy, Diagnostic Observations and Change of Body Weight After Institution 
of Cortisone Therapy 


Hormone Administered | Documentation of Diagnosis Body Weight 
Buccal 
Patient and Oral Acute Eight Before One 
Race Cortisone Melanosis* . | Adrenal) Hour Cortisone Yeart | A 
Acetate Value’ Insuffi-c ACTH Started Later (Ib.) 
/day) (mg. /day) ciency Test 
DD. A. M,N 0 0 +++ 17; 6 + x 
J. C. M,N 2.5 1 +++ Be + x 157 1763 | +19 
G.D F,N 25 4 TTT x + + 160 182 +22 
G.H FLN 12.5 0 +++ 9.0 x 111 i393 +22 
O.L M,N 25 0 0 x + + 138 150 +12 
D. McG. | M,N 25 2 ++ x 0 ae 147 176 +28 
L. S$ M,N O§ +++ x + + 
T.$ M,N 12.5 1¢ +++ 7 - x 159 185 +26 
H.W M, W 25 4 + 4.6 + + 147 163 +16 
Mean 15.3 14 
* See text. 


t One-year value interpolated where necessary between two bracketing measurements. 

} Weight six months after starting cortisone. (No subsequent follow-up.) 

§ Occasionally received 12.5 mg. (or less) daily for short periods. 

_ Desoxycorticosterone trimethylacetate 25 mg. every thirty to forty days intramuscularly. 

€ Desoxycorticosterone acetate 225 mg. implanted as pellets subcutaneously at intervals of one year. 


quent weighings, and extracellular sodium con- 
centration, as reflected in serum sodium con- 
centration, remained stable throughout. Since 
approximate salt balance was maintained, the 
daily dietary sodium intake could be estimated 
from random sampling of twenty-four hour urine 
sodium excretion. Values shown in Table 1 all 
represent urine samples obtained when no addi- 
tional salt and no desoxycorticosterone were 
being given. A range of sodium excretion is 
thereby defined which corresponds to an intake 
of 4.0 to 12.0 gm. of sodium chloride per day, 
and indicates that these patients had selected 
diets conforming closely to the usual American 
diet as far as sodium content is concerned.'® 

In order to ascertain what effect addition of a 
small quantity of buccal desoxycorticosterone 
acetate to the regimen might have upon the 
minimal requirement for cortisone, the latter 
was determined in four patients having under- 
gone total adrenalectomy (H. D., B. J., M. S. 
and M. W.) on separate occasions with and 
without desoxycorticosterone. The results are 
shown in the table as paired values for minimal 
hormone requirement, both independently de- 
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termined during the cool months of the year. 
The results indicate that supplementary buccal 
desoxycorticosterone acetate in doses of 2 to 3 
mg. exerts very little influence upon the minimal 
requirement for cortisone under the conditions 
of the determination, notably self-selection of diet. 
It might well be, of course, that the cortisone- 
sparing activity of desoxycorticosterone would be 
quite appreciable if the minimal hormone re- 
quirement was determined while dietary sodium 
chloride was drastically restricted. Most of the 
patients have at some time been maintained for 
a trial period on cortisone alone. In most in- 
stances provision of desoxycorticosterone supple- 
ments is to be regarded as a safeguard against 
diminished salt intake and against excessive 
sodium loss in sweat in the summer, rather than 
as an actual need of the patient who has under- 
gone total adrenalectomy and been treated with 
cortisone. 

Two patients have been encountered, how- 
ever, in whom desoxycorticosterone appeared 
to be required if no more than moderate amounts 
of cortisone were given. In these patients (S. W. 
and F. W.) desoxycorticosterone was not needed 


F 
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to maintain salt balance but was needed _ be- 
cause, when it was not administered, blood urea 
and serum potassium concentrations rose to 
abnormally high levels (Figs. 1 and 2) despite 
provision of up to 50 mg. of cortisone acetate 
orally daily. These manifestations occurred in 


Fic. 1. 


Patient S. W., Negro man aged 48, subtotal 
adrenalectomy. The chart illustrates parallel elevation of 
serum potassium and urea as a manifestation of adrenal 
insufhciency, and effect of cortisone (oral cortisone 
acetate) and DCA (buccal desoxycorticosterone acetate). 


the absence of the familar accompanying signs 
of adrenal insufficiency such as postural hypo- 
tension, anorexia and weakness. Thorn et al.'® 
have mentioned similar observations in a patient 
having undergone adrenalectomy for hyper- 
tensive disease. The syndrome can perhaps most 
plausibly be ascribed to diminished responsive- 
ness to adrenal hormones of kidneys already 
damaged, possibly in some selective manner, by 
vascular disease. In any case, these patients il- 
lustrate a distinctly unusual circumstance which 
may be encountered in the adrenal-deficient 
patient, namely that a small quantity of supple- 
mentary desoxycorticosterone appears to permit 
the maintenance dose of cortisone to be kept 
within reasonable limits. 

Measurement of Twenty-four Hour Urinary Ex- 
cretion of Steroids and Estimation of Adrenal Cortical 
Reserve. Table ut compares the results of 
twenty-four hour corticotrophin tests conducted 
on adrenal-deficient patients with comparable 
data obtained in six normal volunteer subjects 
and reported elsewhere in detail.'’ The twenty- 
four hour urinary steroid excretion was meas- 
ured before corticotrophin was administered and 
again over a twenty-four hour period beginning 
with the eight hours over which corticotrophin 
was infused. Eosinophil counts were made at the 
beginning and end of the infusion. Except as 
otherwise noted in the table, control and ACTH 


values each represent a single determination. 
Response to ACTH in the two patients having 
undergone total adrenalectomies were studied 
with patients taking the usual oral replacement 
therapy on both days of the test, but during both 
control and ACTH testing and for at least 
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hic. 2. Patient F. W., Negro woman aged 28, subtotal 
adrenalectomy. See Figure 1 for explanation. 


twenty-four hours before the control day oral 
steroid was withheld from patients having 
undergone subtotal adrenalectomies. None of 
these patients had received any steroid intra- 
muscularly for four weeks or more. 

It is evident from the data presented in the 
table that the estimation of twenty-four hour 
urinary steroid excretion alone is of little value 
in the diagnosis of adrenal deficiency. Adrenal- 
deficient persons commonly show low values, 
but values for 17-ketosteroids within the normal 
range for this laboratory (above 6 mg. per 
twenty-four hours for women or 8 mg. per 
twenty-four hours for men) were found in four 
(H. L., M. M., B. L. and E. M.) of seventeen 
such patients (24 per cent), and normal values 
(10 mg. per twenty-four hours or more) for 
neutral reducing lipids after hydrolysis with 
glucuronidase were still more frequently en- 
countered. When it is recalled that low values 
for urinary steroid excretion are frequently en- 
countered in clinical conditions unassociated 
with gross adrenal disease,'* the inadvisability 
of placing much reliance upon twenty-four hour 
urinary steroid excretion for the diagnosis of 
adrenal deficiency will be manifest. 

Of the three types of steroid estimation which 
were made, only two are sensitive indicators of 
adrenal stimulation by ACTH as judged by the 
increment of the experimental sample over that 
of the control sample of normal volunteer sub- 
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TABLE II 
RESPONSES OF ADRENAL-DEFICIENT SUBJECTS TO EIGHT HOUR INTRAVENOUS INFUSIONS OF CORTICOTROPHIN 
(10 UNITS) COMPARED WITH THAT OF NORMAL VOLUNTEER SUBJECTS* 
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| Eosinophil Count? Urinary Neutral Reducing Lipidst Urinary 17-Ketosteroidst 
Re- | | | | 
rs | Status | Place | | | pH 1 | Glucuronidase | | | 
ment | | 
| Per 4s i— mg./24 
Re- As | 
quired 4 4 me./24 A | 4 | mg. 
hr. | me. | % | be | me | % | 
| | 
| adrenal- 84 |-@ | 7.1 +2.2 +45 | 20.2 | +1.8/+10 | 3.1 | +0.7 |+30 
ectomy | 
adrenal- 257 | -64 |-20 | x +4 
ee | 
Mean ~40 . | +2.35'+17.5 +0.4 | +17 
adrenal- 231 —188 45 1.2 —40 | 93) | (—7.3) 72) 
' ectomy | | | 
| adrenal- $1 |-102 |-67 2.4 | ie 
| ee torn, | 
S. Subtotal 213 2.1 -~0 —13 7.3 +1.3 |+20 6.5 +05 +7 
| adrenal- 137 |-64 | 2.3 3.6 
ectomy 
J.¢ Subtotal 138 1.2 |—52 3.2 | +0.2 +8 
ectomy | 
J. LF Subtotal | 28? 1.9 +O 5 +36 x | —17 
adrenal- 243 —44 '—15 | x 34.8 
ectomy | x —9 0 |—64 4.6 —0.3 — 6 
Mean —43 —17 25 —2.58|—24 —0.02} —2 
| adrenal- | 205 | —36 30 x 60 | +0.5 +9 
ectomy | 
MM. Subtotal 2 3 9 2 ' 
| adrenal- 125 —12 2.5 +8 8.9 —0.3/-3 | 8.4 0 0 
| Subtotal | 259 3 4$ | 7 43 | 
adrenal- [—225 | 3.4 0 | 12.0 | +3.3 |+38 62 | —1.2] —16 
ectomy | | 
bE. M. Subroral | 3.1§ | 1 4§ | 4.7§ | 
adrenal- 69 — 3! — 3] 4.1 +10 +32 | 4 +10); +5 +7 
ectomy 
1. B. Subrotal 404 | « 9 9 49 
adrenal- ee — 37 —7 | x x x | 12.6 +2.7 |+27 | 3.6 —1.3 | — 26 
ectomy 
BE. DD. | Subeotal 95 | 4 3 sec 9 4 Bis 
adrenal- | | 3.7 | 13.7 | | 7.3 £0.71) +11 
ectomy | | | 
disease | 280 | +62 | xX x -—0.5 | —20 
disease | 23 | | 3.5 [40.4] x | 7.3 | | 7.5 | | —1 
disease 73 | -46 |-—39 x 11.6 —3.7|-24 | 4.3 —0.1 +2 
MeG. Addison's | 382 | x x 
disease 225 |'~157 |—41 | x x x x x | —0.4 | —13 
Mean —18 | | | —0.22}; - 
Mean of 5 norma! | | | 
volunteer sub- | | | 
* See text. 


t Experimental values below the control values. 

3 Steroid administered on day of control, not on day ACTH was given; A omitted from mean. 

§ Mean of two control determinations. . 
| Steroid replacement provided both on day of control and on day of ACTH administration. 

€ Values for five normal volunteer subjects based on data presented elsewhere;!? 95 per cent confidence limits shown. 
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jects. Neutral reducing lipids determined after 
hydrolysis with mineral acid at pH 1 showed a 
rise of only 2.6 mg. per twenty-four hours in the 
volunteer subjects. This increment is so small in 
comparison with the control values and the 
random variation is so great that the use of 


TABLE IV 
INCIDENCE OF MELANOSIS FOLLOWING ADRENALECTOMY * 


| Ty f | Number | i 
ype of | Number | allied Incidence of 


| 

Race Adrenal- | of Pp; Melanosis 
ectomy | Patients | (%) 
(‘aucasians. Total 14 0 0 
Subtotal | 19 4 21 
Negroes. ... Tota! 3 3 100 
Subtotal 100 


* Data derived from Table 1. 


this determination as an index of adrenal 
responsiveness cannot be recommended. 

On the other hand, both neutral reducing 
lipids, as determined following §-glucuronidase 
hydrolysis of the urine, and 17-ketosteroids are 
very useful determinations for the purpose. 
Large increments in the twenty-four hour uri- 
nary excretion of these substances (mean + 12.1 
and +10.0 mg. per twenty-four hours, respec- 
tively) were regularly observed following corti- 
cotrophin administration in normal volunteer 
subjects but were not observed in the adrenal- 
deficient subjects. The mean difference between 
the responses of normal volunteer subjects and 
those of adrenal deficient subjects in this respect 
is highly significant. In no instance did an 
adrenal-deficient subject show an increment of 
urinary excretion of 17-ketosteroids or neutral 
reducing lipids (determined on glucuronidase 
hydrolysates) approaching the smallest incre- 
ment observed in the volunteer subjects. 

The number of eosinophils per cubic milli- 
meter of blood declined in all but one adrenal- 
deficient person following corticotrophin ad- 
ministration. The fact that the eosinophil count 
regularly decreased in patients having under- 
gone subtotal adrenalectomy who had received 
no oral hormone for twenty-four hours or more 
indicates that corticotrophin could induce a 
small increase of secretion by residual adrenal 
cortical tissue in these adrenal-deficient persons. 
Minute quantities of adrenal hormone un- 
doubtedly affect the number of circulating 
eosinophils, but it seems clear’ that sizable 
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non-specific variations of the eosinophil count 
occur; therefore a decrease of as much as 40 per 
cent may not necessarily signify that any in- 
creased secretion of adrenal hormone has taken 
place. Even a decrease of 65 per cent of circulat- 
ing eosinophils, although presumably implying 
that some slight adrenal stimulation has been 
accomplished, obviously does not establish the 
presence of adrenal reserve of any clinical signif- 
icance, since decreases of this magnitude may 
occur in persons who are severely adrenal- 
deficient by all other criteria. However, with a 
single exception, no adrenalkdeficient patient 
showed a decrease of circulating eosinophils 
exceeding 67 per cent. 

Normal volunteer subjects, in contrast, all 
responded to corticotrophin infusion with al- 
most complete disappearance of circulating 
eosinophils (mean change = —96 per cent); 
in none was there a decrease of as little as 90 per 
cent.'’ When a series of miscellaneous hospital- 
ized patients (excluding those with gross adrenal 
disease) was similarly studied, decreases of as 
litle as 84 per cent were occasionally en- 
countered.'**" Decreases less than this are not 
seen in the absence of gross adrenal deficiency, 
provided of course that the testing is technically 
valid. Circumstances which may _ invalidate 
the use of the eosinophil index are discussed 
elsewhere. 

It is clear that none of the adrenalectomized 
patients studied showed any consequential 
response to intravenously administered corti- 
cotrophin in terms of urinary steroid excretion, 
while in all but one instance the response in 
terms of change of the cosinophil count was 
grossly subnormal. The one patient (B. L.) 
who responded with a decrease of 87 per cent 
circulating eosinophils was able to live a normal 
life without receiving any exogenous hormone 
and was subsequently found to harbor a sizable 
cortical remnant.'’ It may therefore be inferred 
that a normal decrease of circulating eosinophils 
in response to the standard corticotrophin infu- 
sion, although incompatible with severe adrenal 
deficiency, does not exclude the possibility of 
markedly reduced cortical reserve. 

Addisonian Melanosis in Adrenalectomized Man. 
(Tables 1, u and tv.) Melanosis indistinguishable 
from the pigmentation of Addison’s disease has 


developed in a number of these adrenalecto- 


mized patients. Melanosis appeared, if at all, 
within three months after the second stage but 
sometimes became more noticeable after many 
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months in the form of sun tan which persisted 
after the summer season. The distribution and 
type of darkening resembled practically all 
encountered in  Addison’s disease, 
including increasing tendency to tan in sunlight, 
diffuse darkening of the entire skin, localized 
darkening of the palmar creases, extensor sur- 
faces of the elbows and exposed areas, pigmenta- 
tion of recent scars, darkening of the areolae, 
and appearance of pigmented maculae on skin 
and mucous membranes. Vitiligo has not been 
seen. The rough grading of the intensity of the 
pigmentation shown in Table 1-1 was made on 
the basis of simple inspection. Because the au- 
thors have never seen convincing evidence of 
melanosis in persons with Addison’s disease that 
did not include darkening of the palmar creases, 
whether de novo or in the form of increase of pre- 
existing constitutional pigmentation, this sign 
has been regarded as certain evidence of the 
minimal melanosis of Addison’s disease. When it 
has been accompanied by any definite localized 
pigmentation elsewhere the grade + + has been 
assigned, the grade +++ being reserved for 
intense disseminated melanosis. Although the 
occurrence of severe Addison’s disease without 
pigmentation is beyond question, melanosis 
is said to be present in 90 per cent or more of 
patients with Addison's disease.*'~** Pigmenta- 
tion was present in all but one of the nine patients 
in the present series who had spontaneous 
Addison’s disease and in seven of them it was 
marked. (Table u.) By contrast, definite melano- 
sis developed in but twelve of twenty-seven 
patients having undergone subtotal adrenalec- 
tomy (44 per cent) and in only three of seventeen 
patients having undergone total adrenalectomy 
(18 per cent). 

Taken at face value, the data in Tables 1 and 
11 would seem to indicate (1) that the incidence of 
melanosis in adrenal deficiency is markedly 
and significantly lower after adrenalectomy than 
when the result of morbid processes, and (2) that 
the incidence of melanosis in adrenalectomized 
man is markedly and significantly lower when 
both adrenal glands are removed in foto than 
when a small remnant is spared. 

The second inference, however, is largely or 
entirely illusory, as is evident when the data are 
partitioned on the basis of race. (Table rv). It is 
apparent that in this series in the grossly adrenal- 
deficient Negro the melanosis of Addison’s dis- 
ease almost invariably developed, irrespective 
of the manner in which deprivation of adrenal 
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tissue took place. Among the Caucasians an 
apparent difference remains between total and 
subtotal adrenalectomy with respect to the 
incidence of pigmentation but the difference is 
not significant by the chi-square test. Obviously 
it would be misleading to compare different 
series of adrenal-deficient patients for the pur- 
pose of relating the incidence of melanosis to the 
cause of adrenal deficiency unless suitable cor- 
rection was made for the racial composition of 
the series. Indeed it may be supposed that even 
within the Caucasian group the racial stock or 
the complexion of the patients may affect the 
incidence of the melanosis of adrenal deficiency, 
for it is said that the darkening is usually less 
conspicuous in blondes. 

Thus there is an undeniably low incidence of 
melanosis in persons with Addison’s disease who 
have been rendered adrenal-deficient by sur- 
gery (as has also been noted by others!®**~*5) 
compared with the high reported incidence in 
persons with spontaneous Addison’s disease. 
Nevertheless, a fundamental distinction in this 
respect between spontaneous and surgically in- 
duced adrenal deficiency cannot be made 
because almost all adrenalectomized persons, 
unlike patients with Addison’s disease, have been 
maintained on exogenous cortisone from the 
inception of adrenal deficiency ; cortisone has been 
shown to be capable of causing some regression 
of the melanosis of Addison’s disease.*° Further- 
more, pronounced melanosis was reported to 
have developed*’ in one patient to whom no 
cortisone was administered during or after 
adrenalectomy, and pigmentation not pre- 
viously present in two adrenalectomized patients 
maintained on cortisone appeared within two 
weeks after withdrawal of the cortisone.** Fi- 
nally, although discussion of the etiology of the 
melanosis of Addison’s disease*®’:**’*' is beyond 
the scope of this article, it may be taken for 
granted that the pigmentation is, in the final 
analysis, a consequence, mediate or immediate, 
of adrenal cortical deficiency. Clinico-patho- 
logic evidence** strongly contravenes the notion 
that the adrenal medulla plays any role in the 
production of this or any other manifestation of 
Addison’s disease. It is, therefore, difficult to 
conceive that the manner in which deprivation 
of adrenal cortical tissue takes place could 
possibly constitute per se a factor capable of 
affecting the incidence of the ensuing melanosis. 

One may grant that cortisone exerts antipig- 
mentary effects in adrenal-deficient subjects and 
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that cortisone therapy can account for the rela- 
tively low incidence of pigmentation in those 
cases of adrenal deficiency which are due to 
adrenalectomy without implicating cortisone 
and hydrocortisone as the major or sole con- 
stituents of the adrenal secretion responsible for 
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Fic. 3. Gain of body weight in one year in relation to 
cortisone therapy in adrenal-deficient subjects. 


preventing the melanosis of Addison’s disease in 
normal persons. The following evidence suggests 
that another adrenal hormone (or hormones) is 
more important in the physiologic control of 
melanosis. 

(1) Although it is widely believed that corti- 
sone and hydrocortisone frequently diminish 
melanosis in patients with Addison’s disease, 
a clinical impression gained also in several of 
the authors’ own patients, and although there 
is objective evidence that slight depigmentation 
can be produced in adrenal-deficient subjects 
with melanosis by cortisone,*’ no evidence has 
been reported that complete regression of the 
abnormal pigmentation occurs regularly, if at 
all, as a result of prolonged therapy with small 
amounts of cortisone or hydrocortisone over 
periods as long as seven years. No clinically 
detectable depigmentation has been observed 
in this clinic as a result of short-term experi- 
mental administration of large quantities of 
cortisone (up to 100 mg. of the acetate orally 
daily for twenty-one days) to deeply pigmented 
adrenal-deficient subjects. It could be argued 
that melanosis, once established, may be to 
some extent irreversible, but certain evidence, to 
be presented, may be contrary to this contention. 

(2) Observations, to be described, of one pa- 
tient having undergone subtotal adrenalec- 
tomy suggest that regeneration of adrenal 
cortical tissue occurred and was associated with 
marked regression of melanosis. This would 
indicate the presence in the adrenal secretion of 
a factor capable, as maintenance therapy with 
cortisone or hydrocortisone apparently is usually 
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not, of bringing about striking regression of the 
pigmentation. 

(3) There is reason to suppose that adrenal- 
deficient patients receiving their minimal hor- 
mone requirement largely or wholly in the form 
of cortisone actually secure more 11-17-oxy- 
genated alpha ketolic steroid thereby than is 
provided in the usual secretion of normal 
glands. Since in many adrenal-deficient patients 
so treated pigmentation nevertheless occurs, it 
would follow that some other component of the 
adrenal secretion is partly responsible for the 
failure of normal persons to develop the melano- 
sis of Addison’s disease. 

Gain of Body Weight in Relation to Cortisone 
Therapy. (Fig. 3.) Certainly the most common 
and possibly the most troublesome problem en- 
countered in caring for these adrenal-deficient 
patients who are being maintained on cortisone 
therapy has been excessive appetite and resultant 
weight gain. Prescription of low calorie diets, 
exhortations to restrict food intake and ad- 
ministration of anorexigenic drugs have helped 
to control weight but have by no means ob- 
viated the problem. No studies of body com- 
position were undertaken in these patients but 
it was generally evident from simple inspection 
that weight gains reflected chiefly accumulation 
of adipose tissue. 

In Figure 3 are plotted the gains of body 
weight observed in adrenal-deficient persons 
over one year alter cortisone administration 
was begun and are presented in relation to the 
average amount of cortisone administered. In 
the case of patients with Addison’s disease the 
weight gains shown are measured for one year 
from the last available record of weight before 
cortisone therapy was started, which was in all 
but one instance on the same day steroid ad- 
ministration was begun. Of the seven patients 
treated with cortisone who had Addison’s dis- 
ease four (J. C., G. H., D. McG. and T. S.) had 
been maintained on desoxycorticosterone ace- 
tate for months to years prior to the exhibition of 
cortisone, while three (G. D., O. L. and H. W.) 
were all treated with cortisone as soon as the 
diagnosis was made. 

In patients having undergone adrenalectomy 
weight gains are calculated over a period of 
twelve months beginning two months after com- 
pletion of the final operation. By this time the 
preoperative weight had usually been reattained 
and the minimum hormone requirement either 
ascertained or approached. All adrenalecto- 
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mized patients listed in Table 1 are represented 
in the figure with the following exceptions: S. F. 
was omitted because of the complication of overt 
diabetes mellitus first detected eight months 
after operation; B. L. was omitted because she 
had been pregnant for ten weeks at the time 
total adrenalectomy was performed; and P. B. 
and J. L., for whom records of body weight 
are inadequate for present purposes, were also 
omitted. 

The data represented in Figure 3 indicate 
that the average rate of gain of body weight 
during the first year of cortisone administration 
to adrenal-deficient persons increases as the 
average maintenance dose is increased to a 
limiting value of about 25 mg. of cortisone 
acetate per day. In general the duration of 
marked gain in weight has usually been about 
one year, sometimes somewhat longer. Several 
patients, however, continued to exhibit marked 
weight gain for as long as three years. 

It is noticeable in Figure 3 that the mean rate 
of weight gain of the patients with Addison's 
disease was greater than that of the patients 
having undergone adrenalectomy maintained 
on similar amounts of cortisone. The difference 
may be attributable to the fact that the baseline 
in the case of the patients having undergone 
adrenalectomy was a state of cucorticism, 
whereas the patients with Addison’s disease 
started at a weight which reflected prior in- 
sufficiency of adrenal secretions, including the 
11-17-oxygenated alpha ketolic steroids. 

The marked stimulation of the appetite of 
patients with Addison’s disease produced by 
replacement therapy with cortisone has been 
noted by others.'* A striking feature of the in- 
creased appetite and weight gain of these 
adrenalectomized patients is that the body 
weights attained fourteen months after initiation 
of cortisone therapy were in almost all instances 
well beyond the usual weights of these patients 
at a time when the adrenal gland was function- 
ing normally, and that after several years on 
minimal maintenance therapy a number of 
these patients have become extremely obese. 
Clearly the effect of these relatively small doses 
of cortisone upon the appetite is excessive and is 
similar to the effect produced by large doses of 
cortisone in patients with various diseases not 
ascribable to abnormal function of the adrenal 
gland. It must be concluded that these adrenal- 
deficient patients, in respect to stimulation of 
appetite and weight gain, have exhibited 
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evidence of hypercortisonism as a result of 
receiving the minimal hormone requirement 
largely or wholly in the form of cortisone. 

Glucose Tolerance and Responsiveness to Hypo- 
glycemia. (Table v.) Seventeen patients having 
undergone adrenalectomy were subjected to a 
standardized oral glucose tolerance test. The 
blood sugar was determined after an overnight 
fast, then 1.0 gm. of glucose was administered 
orally per kilogram of ideal body weight over a 
fifteen minute period. The blood sugar was 
determined at intervals after the completion of 
glucose ingestion as shown in Table v. Those 
patients maintained on exogenous steroid ther- 
apy continued to take medication before and 
after the test; the usual morning dose of oral 
cortisone acetate (12.5 mg. or less) was given 
immediately before the start of the test. 

Abnormalities of two kinds are observable in 
the table, impaired glucose tolerance and late, 
often persistent, hypoglycemia. There is general 
agreement®’ that the results of the standard 
glucose tolerance test are considered abnormal 
if the blood sugar (determined by the Somogyi 
method) exceeds 170 mg. per 100 ml. one hour 
after glucose ingestion, 120 mg. per 100 ml. 
two hours thereafter, or 110 mg. per 100 ml. 
three hours thereafter. According to these 
criteria, three (S. F., B. J. and S. W.) of fifteen 
patients having undergone adrenalectomy who 
were maintained on cortisone therapy exhibited 
evidence of impaired glucose tolerance (20 per 
cent). The + signs shown in the table indicate 
the number of abnormally elevated values (sur- 
rounded by circles) which were obtained in 
each test. Two of these three patients showed a 
marked “‘diabetic” type of tolerance curve. One 
(patient S. W.) has never as yet shown spon- 
taneous glycosuria or any symptoms or signs 
of diabetes mellitus. In the other (S. F.) frank 
diabetes mellitus with glycosuria developed and 
weight loss was noted eight months after adrenal- 
ectomy and five months after the glucose toler- 
ance test shown in the table. 

Most of the glucose tolerance tests recorded 
in the table reflect an entirely different abnor- 
mality, one highly characteristic of adrenal 
cortical inadequacy. Whereas normal subjects 
given the oral glucose tolerance test have blood 
sugar concentrations two and three hours after 
glucose ingestion which are, on the average, 
equal to the fasting value, patients with Addi- 
son’s disease not only have blood glucose con- 
centrations well below the fasting levels three 
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TABLE V 
STANDARD GLUCOSE TOLERANCE TESTS OF ADRENALECTOMIZED PATIENTS 
Blood Glucose Concentration * | | 
(mg. per 100 ml.) 
_ Type of | ee Impaired | Unresponsive- 
Patient | Ad al. | Replace- Sy t Glucose 
atient | Adrenal- | Hours after Samestion Symptoms Glucose ness to 
ectomy | Therapy | Fast- lolerance | Hypoglycemia 
ing 
A. B Total + | 70 107 76 73 85 77 None 0) 0 
H. D Total + ee 130 74) 91 42 54 Shaky, sweaty 0) + 
| | | at 3 to 4 hours 
T.D. | Total + | 73 |120| 75| 50| 64) None 
S.F. | Total + .| 63 | 145 | 167 | 179| 167| 92} None ++ ? 
F. J Total + ga, None 0 
Total + | 78 | 117! 159! 739! 96) 52 | Shaky, sweaty + 
| | | at 3 to 4 hours 
R.L. | Total 78 | 107; 84| 67| 60| None + 
A.M. | Total + 70 | 130 114) 87) 86) 80) None 0 0 
F..N. Total + None 0 + 
E. S. Total + 73 | 110] 87! 70] 76 None 0 
J. W. Total 66 | 109 129; 82); 54); 50 None 0 + 
J.D. | Subtotal + "79 | 124/119} 68! 68! 77 | None 0 
M.R. Subtotal 66 | 167 | 160! 73] 70! 70 None 0) 
T.S. | Subtotal + 59 72 55 61) 44 #463 | Giddy, sweaty 0 
| at 3 to 4 hours 
S. W. | Subtotal + 122 | 177 | 783 | 162) 162) 112 None +++ ? 
E.D. | Subtotal 0 73 | 137 | 143 | 130) 92) 44 None + + 
E. M. | Subtotal 0 65 | 113 | 100 | 66 47 | 42 | Weak, sweaty 0 
| at 3'4 to 4 
hours 


* Values three and four hours after glucose ingestion which are lower than the fasting value are in bold type. 
Italicized numbers are one, two, and three hour values which are considered abnormally high. See text. 


hours after glucose ingestion but they may re- 
main hypoglycemic for a prolonged period 
unless treated.** The feature characteristic of 
adrenal cortical inadequacy is not so much that 
the falling sugar concentration overshoots and 
falls below the fasting level, but rather that the 
incipient hypoglycemia does not at once call 
forth, as it does in the normal person, the physio- 
logic response restoring blood sugar concentra- 
tion to normal. For this reason Fraser et al.*° 
have characterized the essential defect demon- 
strable in the insulin tolerance test, as well as 
that in the four-hour glucose tolerance test, as 
‘unresponsiveness to hypoglycemia.” 

Twelve patients listed in Table v exhibited 
blood sugar concentrations below the fasting 
values either three or four hours or both after 
glucose ingestion. In four of these patients signs 
and symptoms of hypoglycemia developed. The 


lowest blood sugar concentrations were re- 
corded in these patients, a level of 52 mg. per 
100 ml. or lower having been demonstrated in 
all four. There can be no question in these four 
instances that the data establish pathologic un- 
responsiveness to hypoglycemia. Individually 
considered, the tolerance curves of certain other 
patients (for example, F. J. or F. N.), in whom 
the three or four hour blood glucose concen- 
trations were not markedly below the fasting 
values, could perhaps not with assurance be 
stigmatized as abnormal. But it is clear that 
unresponsiveness to hypoglycemia is highly 
characteristic of the patients as a group. Since 
in two patients, S. F. and S. W., glucose toler- 
ance was impaired to a degree sufficient to 
prevent return of blood sugar concentration to 
values approaching the fasting values within 
four hours, the tests could not disclose whether 
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or not unresponsiveness to hypoglycemia was or 
was not present. Of the remaining thirteen pa- 
tients receiving cortisone, only three (A. B., 
A. M. and M. B.) failed to exhibit three or 
four hour values below the fasting blood sugar 
concentration. The data may be summarized 
as disclosing presumptive or conclusive evidence 
of unresponsiveness to hypoglycemia in ten of 
thirteen patients receiving cortisone (77 per 
cent), as well as in both the patients having 
undergone subtotal adrenalectomy who did not 
require steroid maintenance therapy. In this 
respect there is no indication of any difference 
between subtotally and totally adrenalectomized 
persons maintained on steroid replacement 
therapy. 

Certain patients, especially F. N. and T. S., 
showed a distinctly flat oral glucose tolerance 
curve, which is a characteristic although not an 
invariably demonstrable manifestation of adre- 
nal deficiency and which has been shown" to 
reflect delayed absorption of glucose by the 
gastrointestinal tract. It is evident that some of 
these adrenal-deficient patients were able to 
absorb glucose quickly enough to exhibit 
abnormally pronounced hyperglycemia follow- 
ing glucose ingestion, but it is possible that 
delayed glycose absorption could in some in- 
stances (for example, patient F. J.) have masked 
impairment of glucose tolerance. 

Impairment of glucose tolerance in patients 
having undergone total adrenalectomy who 
were maintained on cortisone has been noted 
by some** but not by all*® observers. In these 
other series the amount of cortisone used for 
replacement therapy has been somewhat greater 
than the minimal replacement therapy given to 
the authors’ totally adrenalectomized patients. 
No doubt it is for this reason that hypoglycemia 
and abnormalities of the glucose tolerance curve 
characteristic of adrenal cortical deficiency have 
not been noted in these other series.** In the 
authors’ patients the glucose tolerance tests have 
clearly exhibited features of both hy poadrenal- 
ism and hypercortisonism, sometimes in one 
and the same test. Is the seeming incongruity of 
these two aspects of the tests a reflection of an 
unusual and characteristic physiologic state in 
the cortisone treated, adrenal-deficient patient, 
or can it be accounted for by the timing of the 
tests in relation to cortisone medication? 

The unresponsiveness to hypoglycemia cannot 
plausibly be ascribed to the timing of cortisone 
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therapy. The maximum activity of orally ad- 
ministered cortisone is achieved about four 
hours after its administration.*® Since the morn- 
ing medication was taken shortly before the test 
was started the patients must have been, at the 
time hypoglycemia developed, as much under 
the influence of administered cortisone as at 
any time during the day or night on the usual 
therapeutic regimen. It follows that some hy po- 
adrenalism, as manifested by this criterion, is 
present at all times in these patients. 

By the same token it cannot be denied that the 
immediate effect of the cortisone taken before 
the test may have contributed to the impairment 
of glucose tolerance. Yet it is very difficult to 
believe that the direct, immediate effect of the 
quantity of cortisone acetate taken (12.5 mg. or 
less) could account for such marked abnormal 
rises of blood sugar as are shown in four in- 
stances in the table, since persons without 
adrenal disease can often tolerate several hun- 
dred times this quantity of cortisone daily with- 
out glycosuria developing. It seems necessary to 
postulate that impaired glucose tolerance reflects 
rather a metabolic steady state resulting from 
prolonged medication with cortisone and pos- 
sibly involving changes in the functioning of 
other organs concerned with carbohydrate 
metabolism, such as the liver, pancreas or 
hypophysis. It is true that one patient (E. D.) 
not requiring cortisone shows a tolerance curve 
which suggests similar diabetic diathesis but this 
patient too had been given cortisone for some 
months following adrenalectomy. It may also 
be recalled that prolonged corticotrophin stimu- 
lation appears to increase the proportion of 
11-17-oxygenated steroids in the adrenal secre- 
tion of rabbits." If the residual adrenal tissue is 
being stimulated maximally by endogenous 
corticotrophin, patients having undergone sub- 
total adrenalectomy who do not require ex- 
ogenous hormone may have a higher proportion 
of cortisone-like steroids in their adrenal secre- 
tion than do normal persons. 

In this connection it may be mentioned that 
frank diabetes mellitus, which appeared after 
adrenalectomy in patient S. F., developed also 
in a cortisone treated adrenalectomized patient, 
included in the larger series of patients, upon 
whom surgery was performed. The incidence of 
diabetes mellitus at the end of five years in the 
entire series of patients is two in 110 living 
patients, a figure much above the expected 
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TABLE VI 
WATER TESTS OF TOTALLY ADRENALECTOMIZED PATIENTS* 


Volume of Urine 


Urine 


Patient | Urea 
Largest A.M. | 
Overnight 


(ml.) (ml.) 


| 772 
| | 666 
A. Mu. | | | 47 
F. N. 84 
ma | | 600 


Nitrogen 
Hour Volume! (mg./100 ml.) 


Serum 
Urea 
Nitrogen 
(mg. /100 ml.) 


Serum 
Chloride 
(mEq./L.) 


Urine 
Chloride 
| (mEq./L.) 


* See text. 


incidence of new cases in the general popula- 
tion.* This fact lends further support to the 
view that cortisone administered for a prolonged 
period, even in the modest quantities commonly 
used for adrenal replacement therapy, may have 
diabetogenic properties in susceptible subjects. 

Clinical hypoglycemia, although uncommon 
in these adrenalectomized patients, has occurred. 
Mild hypoglycemic episodes may of course be 
overlooked, and are in any case difficult to 
document, but at least three patients having 
undergone total adrenalectomy (H. D.,S. F. and 
B. J.) experienced for a time a series of repeated 
and unmistakable hypoglycemic attacks. It is 
pertinent that these attacks yielded not to 
increased frequency and amount of cortisone 
medication but to spacing of the feedings and 
attention to the relation of physical exercise to 
food intake. 

Water Tests. (Vable v1.) The test procedure 
was essentially that of Levy, Power and 
Kepler.**® Urine volume was collected from 
10:30 p.m. to 7:30 A.m. The largest urine volume 


*In the population sample covered by the National 
Health Survey of 1935 to 1936,*° there were 4.0 more 
diabetic men and 2.5 more diabetic women per 1,000 
persons aged forty-five to fifty-four than in the thirty-five 
to forty-four age group. Roughly one may estimate from 
these figures that about 3.7 new cases of diabetes mellitus 
will appear over any ten year period per 1,000 persons 
who are age forty-four at the beginning of that period. 
Since the incidence of new cases of diabetes mellitus is 
higher in this age group than at any lesser age, and 
since practically all our patients were younger than fifty 
when adrenalectomy was performed, it follows that the 
incidence in the authors’ series of one new case of dia- 
betes in forty-four persons, or two cases in 110 persons, 
followed for a maximum period of five years is far in 
excess of the expected figure. 


of four hourly morning collections is shown 
(8:30 a.m. to 12:30 p.M.), water in an amount 
equal to 20 ml. per kilogram of body weight 
having been administered at 8:30 a.m. Urine 
chloride and urea concentrations in the over- 
night urine are shown: the values for serum 
chloride and serum urea nitrogen were measured 
in the morning. The “A value’ was calculated 
as follows: 


Largest A.M. urine volume 
Night urine volume 
Urine urea N (mg./100 ml.) 
Serum urea N (mg./100 ml.) 
Serum Cl (mEq./L.) 
Urine Cl (mEq./L.) 


In all patients tested more urine was excreted 
during the overnight period than during any 
hourly period following water ingestion and in all 
patients values less than 25 for A were abnor- 
mal, some being extremely low. Although corti- 
sone in sufficient dosage can correct or mitigate 
the impairment of the diuretic response to water 
intake characteristic of Addison’s disease, the 
quantities used for maintenance in our patients 
will apparently not do so. This has been noted 
also in patients with spontaneous Addison’s 
disease who have been given similar amounts of 
cortisone. 

Effect of Subtotal Adrenalectomy and Minimal 
Hormone Therapy upon Serum Cholesterol Concen- 
tration. (Table vu.) Total serum cholesterol 
concentration was measured before and at 
intervals after subtotal adrenalectomy in eight 
patients, three of whom required some exogenous 
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‘TABLE vu 
SERUM CHOLESTEROL CONCENTRATION BEFORE AND AFTER 
SUBTOTAL ADRENALECTOMY 


Serum Cholesterol (mg./100 ml.) 
Patient Postoperative 
Preoperative 
O-2 yr. 


A. Not Requiring Exogenous Steroid 


1. B. 291, 375, 318 251 292 
S.C. 179 184, 194, 168, 168 280 
M.D. 215 212 
B. L. 258 238 
M. 284 209 
B. Requiring Exogenous Steroid 
344 288 
B. G. 327 306 
ye." 157 180 234 


steroid. Changes observed in both groups of the 
small sample of patients studied appear to be 
entirely random and give no indication that 
either subtotal adrenalectomy or minimal 
steroid therapy exerts any effect upon serum 
cholesterol concentration. 

Short Term Effects of Steroid Dosage upon Blood 
Pressure of Patients Having Undergone Adrenalectomy 
for Hypertension. (Figures 4 and 5.) Six experi- 
ments have been made in which the minimal 
hormone requirement of selected patients has 
been supplemented with additional steroid, 
desoxycorticosterone or cortisone or both, over 
a period of some weeks (no other change in 
regimen being made during the period of ob- 
servation), and frequent postural blood pressure 
tests were carried out in an effort to detect direct 
or early effects of these steroids upon arterial 
blood pressure. Within the range of dosage used 
(not more than 100 mg. of cortisone acetate nor 
more than 4 mg. of desoxycorticosterone acetate 
were administered per day) no consistent pressor 
effect could be ascribed to either steroid. Two 
representative experiments are presented graph- 
ically in Figures 4 and 5. 

When steroid was reduced below the minima! 
maintenance therapy, however, marked reduc- 
tion of arterial blood pressure, as determined 
with the patient erect, was always observed; a 
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fall of blood pressure measured with the patient 
lying in a supine position was less consistently 
observed and much less marked. These observa- 
tions will be presented in more detail in a report 
of the clinical features of acute adrenal insuff- 
ciency observed under experimental conditions. 


200, 
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Fics. 4 and 5. Arterial blood pressure was determined 
twice with the patient in the supine position after ten 
minutes of rest, then four times at intervals of one minute 
immediately after the patient assumed the erect position. 
Upper X’s represent the systolic pressure values, lower 
diastolic. The first of each paired X is the mean of 
the two values obtained with the patient lying supine, 
the second of each pair the mean of the four values 
obtained after the patient stood up. 


Regeneration of Adrenal Cortical Tissue Following 
Subtotal Adrenalectomy. The fact that the mini- 
mal hormone requirement has remained stable 
in most patients having undergone subtotal 
adrenalectomy for several months following 
surgical intervention to as long as five years later 
is a strong indication that substantial regenera- 
tion of the remnant is most unusual. Only in one 
patient have physiologic phenomena been noted 
which may be interpreted as evidence of some 
regeneration of adrenal cortical tissue. 
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The patient, S. W., was subjected to resection of 
about 90 per cent of the left adrenal and 95 per cent of 
the right adrenal in August 1950. He was stabilized on 
minimal hormone therapy of 25 mg. daily of cortisone 
acetate and 2 mg. daily of desoxycorticosterone 
acetate; during the first postoperative year and a half 
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Fic. 6. Evidence suggesting adrenal cortical regeneration 
in a subtotally adrenalectomized patient (S. W.). The 
graph is based on data obtained in identical metabolic 
experiments conducted in the same patient at different 
times after subtotal adrenalectomy. See text. 


he was unable to tolerate further reduction of steroid 
without marked hyperkalemia associated with 
azotemia developing. (Fig. 1.) Beginning in November 
1952 it became possible to reduce the DCA to 1 mg. 
daily, cortisone being continued as before, without a 
clinical abnormality of serious degree developing. 
In April 1953 the DCA was wholly omitted with 
relatively moderate rise of serum potassium concentra- 
tion (to 6.9 mEgq./L.) and blood urea concentration 
(to 33 mg./100 ml.). During that spring two and one- 
half years following adrenalectomy, this Negro, who 
had become notably more pigmented following 
adrenalectomy, experienced a definite generalized 
depigmentation of the skin with diminution of pig- 
mentary deposits in the palms and palmar creases 
which occurred over a period of several months. He 
continues to require 25 mg. of cortisone acetate daily 
and no desoxycorticosterone. 

A study of the effect of withdrawal of all hormone 
and some dietary sodium chloride had been made in 
this patient under controlled conditions (diet constant) 
in the Metabolic Unit in May 1952. The rapidity of 
onset and the degree of severity of signs and symptoms 
of adrenal insufficiency which may occur in a patient 
kept on a standard regimen of this kind reflect the 
degree of adrenal deficiency present.’ The study was 
repeated in October 1953, the experimental conditions 
being identical with those of the original study, and 
the serum sodium, potassium and urea were again 
determined daily. Comparison of the studies (Fig. 6) 
shows that the rate of increase of the serum concentra- 


tions of urea and potassium was distinctly less during 
the experimental period on the occasion of the second 
study. 

In summary, three types of evidence, depigmenta- 
tion, late progressive decrease of minimal hormone 
requirement and decreased rate of development of 
signs of adrenal insufficiency on hormone deprivation 
under standard conditions, support the thesis that 
regeneration of adrenal cortical tissue was occurring 
at least two years after bilateral adrenal resection. It 
should be noted that the type of adrenalectomy per- 
formed on this patient was unique in our series in that 
a sizable portion of both adrenal glands was spared at 
operation. 


COMMENTS 


Degrees of Human Adrenal Deficiency. The 
assumption has been prevalent in the past that 
Addison’s disease was the clinical expression of 
virtually total adrenal deficiency. This assump- 
tion rested upon apparently sound pathologic 
evidence, for in patients with Addison’s disease 
on whom autopsy was performed the quantity 
of adrenal cortical tissue remaining is always a 
small and seemingly negligible fraction of the 
amount normally Moreover, 
the fact that patients with Addison’s disease 
usually fail to show evidence of any consequen- 
tial response to administration of corticotrophin, 
when contrasted with the large response ex- 
hibited by normal persons, might suggest virtual 
annihilation of cortical function in such subjects. 

Intensive investigation of adrenal physiology 
during the past twenty years has established the 
fact that nothing like maximum functioning of 
the total adrenal cortical tissue ordinarily 
occurs. A small fraction of the total potential 
adrenal cortical secretion suffices for ordinary 
needs, although utilization of a large reserve 
secretory Capacity appears to be necessary for 
optimal response by the organism to severe 
stress.** It follows that the crucial question con- 
cerning the assessment under ordinary condi- 
tions of physiologic adrenal cortical inadequacy 
present in any patient with Addison’s disease is 
this: How does the amount of hormone secreted 
by the residual adrenal cortical tissue compare 
quantitatively with the amount of hormone 
normally secreted by the two intact adrenal 
cortices under the ordinary circumstances of 
day-to-day living? 

There is reason to suppose, as pointed out in 
detail elsewhere,'’ that a small residual quan- 
tity of adrenal cortical tissue is exposed at all 
times to intensive stimulation by endogenous 
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corticotrophin. Although such an overactive 
remnant can scarcely respond to stimulation 
with exogenous corticotrophin, its actual secre- 
tory production may compare very favorably 
with that of the intact glands, provided com- 
parison is made in the absence of stressful en- 
vironmental conditions. It is evident, therefore, 
that the quantity of secretion produced during 
life under stress-free circumstances can by no 
means be supposed to be proportional to the 
quantity of viable cortical tissue found at 
necropsy. One might indeed anticipate that the 
total secretory potential of the adrenal cortical 
tissue would bear a roughly linear relationship 
to the quantity of adrenal cortical tissue present 
postmortem, but correlation of the residual 
glandular mass with its basal secretory rate dur- 
ing life is possible only on the basis of inde- 
pendent estimates of these quantities by ana- 
tomic and physiologic methods respectively. 

Methods of evaluating residual adrenal cortical 
secretion; evidence of residual adrenal cortical function: 
The corticotrophin test does not distinguish 
between grades of severe adrenal deficiency. 
(Table m.) The amount of residual adrenal 
secretion present in severely adrenal-deficient 
persons can be estimated by observing the 
rapidity of onset and the gravity of acute 
adrenal insufficiency following withdrawal of 
hormone under standard conditions, but this 
method’? of evaluating cortical function is too 
elaborate to be suitable for a survey of as large a 
number of patients as are dealt with in this 
report. The data presented in Tables 1 and nu 
indicate that a simpler if rougher estimate of 
residual cortical function is afforded by estab- 
lishing the minimal hormone requirement of 
adrenal-deficient subjects. 

Supposing, provisionally, that there is for 
normal adult man a daily, minimal physiologic 
requirement for cortical hormone which is more 
or less uniform under ordinary environmental 
conditions, it is reasonable to assume that ex- 
ogenous hormone will be required under 
ordinary conditions only when and to the extent 
to which the adrenal glands fail to supply this 
minimal requirement. Ideally, then, there would 
be a determinable quantity of exogenous hor- 
mone which would just support life and health 
in persons totally deprived of adrenal function. 
Obviously, a lesser quantity of hormone would 
have to be administered to persons supplied by 
their own adrenal glands with much of their 
requirement, so that the amount of exogenous 
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hormone required by an adrenal-deficient per- 
son would directly reflect the severity of the 
adrenal deficiency. 

In practice, of course, the variables affecting 
any estimate of residual adrenal function from 
the hormone requirement might prove sufficient 
to vitiate application of this principle. The 
amount of cortical secretion which would be 
required as a minimum might vary from person 
to person on a constitutional basis; and, as far 
as these adrenalectomized patients are con- 
cerned, the accessory adrenal cortical tissue 
found so frequently in variable quantity both 
within and without the abdomen****:*> might 
obscure the distinction between totally and sub- 
totally adrenalectomized persons. The diversity 
of environmental conditions affecting outpa- 
tients might introduce material variations 
between persons with respect to the physiologic 
requirement for adrenal hormone. All these 
possible sources of individual variation might 
collaborate to preclude establishment of even a 
rough standard value for the minimal hormone 
requirement of persons having undergone total 
adrenalectomy. 

However, from the data given in Tables 1 
and u, which were uncorrected for any such 
constitutional or environmental factors, it ap- 
pears that determination of the minimal hor- 
mone requirement is not without value in 
assessing residual adrenal function. It is imme- 
diately evident that there is a striking difference 
between totally and subtotally adrenalectomized 
patients with respect to the minimal hormone 
requirements. The seventeen patients having 
undergone total adrenalectomies have in every 
instance required substantial amounts of corti- 
sone, and all attempts to withdraw steroid have 
been followed by manifestations of adrenal 
insufficiency, even if the intake of sodium chlo- 
ride was well maintained.* By contrast eight of 
twenty-seven patients having undergone sub- 
total adrenalectomy have been maintained 
without any exogenous hormone, a few have 
required a steroid dosage comparable to that of 
the patients having undergone total adrenalec- 
tomy, and the others have required smaller 
quantities. 


* In one patient included in the larger series of persons 
on whom total adrenalectomy was performed in this 
clinic no sign of adrenal insufficiency developed within 
seven days following cessation of maintenance steroid 
therapy. The authors assume that this patient harbors 
considerable accessory cortical tissue. 
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From these data two inferences may be drawn. 
Since all totally adrenalectomized patients re- 
quired exogenous steroid, it appears that every 
person has a definite minimal hormone require- 
ment, that is, that no person deprived of all 
endogenous adrenal hormone can be protected 
from adrenal insufficiency in the absence of 
exogenous hormone by any practicable en- 
vironmental manipulations, even if sodium 
chloride intake is kept high (10 to 15 gm. daily). 
In this respect there may be some difference 
between man and certain of the commonly used 
experimental animals,*® although the main- 
tenance of adrenalectomized dogs without ex- 
ogenous hormone has always been a tour de 
force requiring environmental and _ dietary 
controls which would not be feasible in the 
clinic. 

The second inference is that those subtotally 
adrenalectomized patients requiring no_hor- 
mone and probably those requiring notably 
smaller quantities than any of the totally 
adrenalectomized patients, must themselves 
produce appreciable quantities of adrenal 
hormone. The data do not lend themselves to 
calculation of precise limits for the minimal 
cortisone requirement of totally adrenalecto- 
mized man but they do show clearly that a 
totally adrenal-deficient adult can seldom be 
maintained on as little as 15 mg. of oral corti- 
sone acetate daily. The majority of patients 
having undergone subtotal adrenalectomy re- 
quired less exogenous hormone than this, hence 
they must have appreciable residual adrenal 
cortical secretion. Maintenance of good health 
under ordinary circumstances without any 
steroid therapy whatsoever is unequivocal proof 
that some endogenous adrenal function is 
present in such patients. [t is unlikely that a 
person whose hormone requirement is low, say 
10 mg. of cortisone acetate daily, is totally 
deprived of adrenal hormone. But the consider- 
able variation in minimal hormone requirement 
observed among the patients having undergone 
total adrenalectomy, from about 15 to 50 mg. of 
cortisone acetate daily, sufficiently indicates the 
hazard in exact calculation of the residual 
adrenal function on the basis of minimal hor- 
mone requirement. 

Since there is both pathologic and clinical 
evidence that any consequential regeneration of 
the adrenal cortex is rare in patients having 
undergone subtotal adrenalectomy, it is possible 
to accept the surgical protocol of residual 
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adrenal tissue for this group of patients as a 
rough estimate of the size of the adrenal rem- 
nants during the period of these studies. On this 
basis one would infer that 2 to 3 per cent of the 
total adrenal cortical tissue, that is, about the 
amount which on the average was spared at the 
subtotal adrenalectomies, is capable of main- 
taining a sizable fraction, probably 50 per cent 
or more, of the basal rate of secretion of the 
normal adrenal cortices. It seems warrantable 
to infer that a remnant amounting to around 
5 per cent of the total cortical tissue is just about 
capable of supplying the minimal requirement 
for cortical hormone under the ordinary condi- 
tions of daily life. This inference may be com- 
pared with that of Barker*' who estimated from 
necropsy material that Addison’s disease did 
not occur unless 90 per cent or more of the 
cortical tissue was destroyed. 

Addison’s disease and endogeneous 
adrenal cortical hormone: When subtotally adrenal- 
ectomized patients who did not ordinarily 
require exogenous hormone were tested, the 
regularly showed grossly subnormal response 
to the eight-hour intravenous infusion of 
corticotrophin (Table mm) and unresponsiveness 
to hypoglycemia (lable tv) and sometimes 
showed typical melanosis of Addison's disease. 
(Table 1.) Such patients must clearly be re- 
garded as grossly adrenal-deficient, yet in the 
light of considerations presented in the preceding 
section, they must also be supposed to have a 
quantity of endogenously secreted cortical hor- 
mone little inferior to that produced by normal 
glands under basal conditions. 

Comparable patients in whom adrenal de- 
ficiency is of spontaneous origin are not infre- 
quently encountered. The discovery by Loeb" 
that certain patients with Addison's disease can 
be kept alive by ensuring adequate intake of 
sodium chloride constituted a major advance in 
the management of Addison’s disease. Two of 
the authors’ patients who had unequivocal 
Addison’s disease (G. D. and D. A., Table m) 
were at one time maintained for months on salt 
alone, and in patient G. D. adrenal insufficiency 
was first precipitated experimentally by restric- 
tion of dietary sodium chloride. 

That Addison’s disease occurring with appre- 
ciable adrenal cortical secretion is in fact the 
rule rather than the exception is indicated by 
the quantity of adrenal hormone usually given 
to maintain patients with this disease. The 
steroid received by our patients who had 


secretion of 
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Addison’s disease (and presumably by those 
reported in the literature) does not represent 
minimal replacement therapy as _ rigorously 
determined in our adrenalectomized patients. 
There is no particular urgency, indeed there 
may be some disadvantage, in restricting such 
patients to the minimum steroid therapy re- 
quired for everyday life, and the figures no 
doubt represent on the average rather more than 
the minimum requirement. Even so, it is clear 
that patients with Addison’s disease require 
smaller quantities of replacement steroid on the 
average than do patients having undergone 
total adrenalectomy. (Tables 1 and u.) The data 
showing the amount of replacement therapy 
received by patients with Addison’s disease in 
our clinic are in agreement with the data of 
other investigaters.'***** Since there is no 
reason to suppose that the requirement for 
adrenal hormone is increased by the concur- 
rence of hypertensive disease, the evidence indi- 
cates that the majority of patients with Addison's 
disease possess appreciable endogenous adrenal 
secretion. 

The preservation of considerable cortical 
secretion in adrenal-deficient subjects doubtless 
explains in large part why the urinary excretion 
of 17-hyvdroxveorticoids®’” and of 17-ketosteroids 
and neutral reducing lipids (Table mm), as well 
as plasma 17-hydroxycorticosteroid concentra- 
tion,*'~°* do not fall consistently to conspicu- 
ously low levels in adrenal-deficient persons. 
Probably no improvement of chemical or bio- 
logic methods for the estimation of steroids 
consequently will ever render simple measure- 
ment of blood or urine steroids a satisfactory 
means of identifying adrenal deficiency. It is 
safe to say that adrenal-deficient persons differ 
more strikingly from normal subjects in respect 
to the magnitude of the adrenal reserve than in 
respect to the basal rate of secretion of cortical 
hormone. 

The traditional hypostatization of the clinical 
entity known as Addison's disease should not 
becloud the fact that one may expect to en- 
counter adrenal deficiency of all degrees, which 
represents a continuum extending from total 
absence of adrenal secretion through almost 
normal basal secretion with little or no reserve 
to quantitatively normal secretion and reserve. 
Certain signs of adrenal deficiency may appear 
if adrenal reserve has been completely or nearly 
completely wiped out, even if the basal secretory 
rate may be practically unimpaired, hence no 
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exogenous steroid may be required under 
ordinary circumstances. On the other hand, 
patients with detectable although markedly 
diminished adrenal reserve may perhaps show 
no overt signs of adrenal deficiency, yet still 
may be vulnerable to supervention of acute 
adrenal insufficiency when they are exposed to 
severe surgical or medical stress. Fortunately 
the eight hour intravenous corticotrophin test 
provides a reliable means of establishing the 
adrenal cortical deficiency of clinical signifi- 
cance, including subclinical cases. 

Adequacy of Cortisone as Replacement for Secretion 
of Adrenal Cortex. The advent in 1949 of corti- 
sone for therapeutic use completely altered the 
outlook of the adrenal-deficient patient. Desoxy- 
corticosterone, which became available in 1937, 
had permitted adrenal-deficient persons to sur- 
vive indefinitely provided serious environmental 
stress could be avoided, but the life of the patient 
with Addison’s disease was still likely to be “‘nasty 
and short.”” Full therapeutic quantities of this 
steroid commonly failed to afford a satisfactory 
return of strength, appetite and _ well-being. 
Painful, disabling tendon contractures occurred 
not infrequently, and the treatment of acute 
adrenal insufficiency was hazardous and unsatis- 
factory by modern standards, although adrenal 
cortical extract was commonly called upon to 
supplement the actions of desoxycorticosterone. 

The 11-17-oxygenated alpha ketolic steroids 
cortisone and hydrocortisone, compounds very 
closely related to each other chemically and 
interconvertible in the human body,**:** are, 
on the other hand, capable of restoring uni- 
formly and completely the lost appetite, weight, 
strength and well-being of such patients. Taken 
together with the fact that the striking long-term 
effects of overdosage with these compounds are 
practically indistinguishable from those of 
prolonged overstimulation of the secretion of the 
normal adrenal cortex by corticotrophin, the 
remarkable restoration of vitality to the adrenal- 
deficient organism effected by these steroids 
suggests that they could afford complete and 
balanced replacement therapy in adrenal de- 
ficiency.** It is of course, quite certain that 
neither cortisone nor hydrocortisone can actu- 
ally replace the entire secretion of the adrenal 
cortex in the chemical sense. Although at least 
one of these compounds is secreted by the 
adrenal cortex, and hydrocortisone is indeed the 
predominating substance in the secretory prod- 
uct of the human adrenal cortex, a variety of 
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other physiologically active compounds are 
also known to be present in the adrenal secre- 
tion.®® However, its other C-21 compounds have 
not, with one exception, been shown to possess 
any striking action which is not possessed either 
to about the same degree or else much more 
conspicuously by cortisone and hydrocortisone. 
The exception is aldosterone, which is many 
times more potent than either on the basis of 
weight with respect to promotion of sodium 
retention and potassium excretion by the kid- 
ney.°® Urinary excretion of aldosterone has also 
been found to vary inversely with sodium in- 
take,*’ and these facts have led to the widespread 
supposition that secretion of this steroid by the 
adrenal is the principal agency by which the 
sodium balance of the organism normally is 
maintained. 

Nevertheless, the 11-17-oxygenated alpha 
ketols are not devoid of renal-regulatory activ- 
ity and convincing evidence, already presented, 
establishes that salt balance can be maintained 
throughout a wide range of sodium intake by total- 
ly adrenalectomized man maintained oncortisone 
alone. Still, it may be granted that if environ- 
mental conditions are to include salt deprivation, 
then the modest quantities of exogenous corti- 
sone used for replacement therapy in adrenal- 
deficient patients would require supplementation 
with a potent sodium-retaining steroid such as 
desoxycorticosterone or aldosterone. The ques- 
tion the authors wish to consider here is whether 
or not cortisone, even when supplemented by 
small quantities of desoxycorticosterone so that 
any tendency toward salt waste may be left out 
of consideration, can be employed in a physio- 
logic quantity which wholly prevents emergence 
of signs of adrenal insufficiency and at the same 
time does not give rise to any manifestations of 
hypercortisonism. 

The answer is negative in view of the observa- 
tions already presented. The quantities of corti- 
sone administered to patients having undergone 
adrenalectomy as minimal hormone require- 
ment did prevent by definition any gross sympto- 
matic evidence of adrenal insufficiency, but 
_ certain signs indicating mild adrenal inadequacy 
were still demonstrable in all or most of the 
patients. Such signs included the melanosis of 
Addison’s disease, unresponsiveness to hypo- 
glycemia, positive reactions to the water tests, 
and in two instances gross abnormalities in 
plasma electrolytes not preventable by as much 
as 50 mg. of cortisone acetate per day. These 
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signs were not ordinarily disturbing to the pa- 
tients, nor would maintenance of mild hypo- 
adrenalism have been considered disadvanta- 
geous in the management of these hypertensive 
patients. However, these manifestations did not 
represent simple hypoadrenalism resulting from 
provision of a slightly suboptimal quantity of 
adrenal hormone, for they were accompanied by 
certain simultaneous evidence of hypercorti- 
sonism. Therefore the entire clinical picture can 
only be described in physiologic terms as mild 
endocrine imbalance or dysadrenocorticism. The 
signs of hypercortisonism comprised two effects 
well known to result from excess administration 
of cortisone, namely, stimulation of appetite 
with resulting weight gain and impairment of 
glucose tolerance. The authors take these mani- 
festations of hypercortisonism to indicate that 
normal adrenal secretion under ordinary cir- 
cumstances provides less 11-17-oxygenated alpha 
ketolic steroid activity than is furnished by 
minimal replacement therapy to totally adrenal- 
ectomized human subjects.* This inference is 
entirely consonant with the established fact 
that the adrenal secretion contains active steroids 
other than cortisone and hydrocortisone. It is 
hardly to be doubted that these other steroids 
circulating in the blood of normal man share 
with the 11-17-oxygenated steroids in the main- 
tenance of some of the physiologic processes 
which become deranged in adrenal insufficiency. 
Their presence in the adrenal secretion permits 
the adrenal gland in normal man to remain 
functioning normally with less 11-17-oxygenated 
steroid being supplied to the subject by his own 
adrenal glands than must be given to adrenal- 
ectomized man as replacement therapy. 


* On the basis of our data alone, the possibility would 
remain open that the abnormal physiologic state of these 
patients could be ascribed to any factor wherein patients 
receiving replacement therapy differ from normal per- 
sons in whom hormone is supplied by the adrenal glands. 
One such difference is perhaps insufficiently trivial to 
dismiss without brief consideration, that is, the provision 
of hormone on a fixed medication schedule rather than in 
the normal form of continuous secretion. No plausible 
chain of causation is evident by which intermittency of 
hormone administration could lead to the dysadreno- 
corticism described. In contrast, the inference drawn 
herein on clinical grounds does provide the needed 
causative schemes, and indeed one could predict that 
adrenal-deficient persons treated with cortisone would 
differ in some manner from normal subjects simply on 
the basis of the known presence in the cortical secretion 
of steroids possessing physiologic activity qualitatively 
differing from that of cortisone and hydrocortisone. 
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SUMMARY AND CONCLUSIONS 

The results of a five-year study of forty-four 
patients subjected to adrenalectomy (total or 
subtotal) are presented together with observa- 
tions of nine patients in whom Addison's disease 
occurred spontaneously. Cortisone, often but not 
always supplemented by a small quantity of 
desoxycorticosterone, was given as replacement 
therapy. 

Steroid therapy is indispensable for the 
survival of persons who have been subjected to 
total adrenalectomy but some patients with 
spontaneous Addison's disease and some sub- 
totally adrenalectomized persons can survive 
and maintain well-being without it under ordi- 
nary circumstances. Such patients apparently 
enjoy a nearly normal basal rate of adrenal 
cortical secretion. The survival value of this 
secretion can be estimated in very crude quanti- 
tative terms as corresponding to the average 
amount of exogenous steroid which will ordi- 
narily just maintain totally adrenalectomized 
man in good general health (that is, on the aver- 
age, assuming adequate salt intake, about 30 mg. 
of oral cortisone acetate daily supplemented by 
1 mg. of buccal desoxycorticosterone acetate). 

Few patients with Addison’s disease are totally 
destitute of endogenous adrenal cortical secre- 
tion. Approximately 5 per cent of the total 
amount of adrenal cortical tissue normally 
present will produce enough secretion to sustain 
life under ordinary circumstances. This quantity 
of surviving tissue has, however, practically no 
capacity to increase its basal hormone output, 
and a patient without ample cortical reserve is 
imperiled by any stress unless exogenous hor- 
mone can then be supplied. 

Cortisone can maintain the life of totally 
adrenal-deficient persons indefinitely and can 
completely restore strength and well-being but it 
does not provide an entirely balanced replace- 
ment for the missing adrenal cortical secretion 
of which cortisone and hydrocortisone are only 
partial constituents. There is no truly “physio- 
logic’’ quantity of cortisone, that is, there is no 
dose of cortisone which, on long-term admin- 
istration to adrenal-deficient patients with or 
without a small supplement of desoxycorti- 
costerone, will not be accompanied by certain 
signs of hypoadrenalism or certain manifesta- 
tions of hypercortisonism or both. The signs of 
hypoadrenalism commonly encountered in such 
patients are melanosis, impairment of water 
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diuresis, unresponsiveness to hypoglycemia, and 
sometimes salt-waste, azotemia and _ hyper- 
kalemia. The signs of hypercortisonism are 
polyphagia, weight gain and impairment of 
glucose tolerance. 

In no fundamental respect, either in kind or in 
degree, can any distinction be drawn between 
spontaneous and iatrogenic primary adrenal 
cortical deficiency. The incidence of melanosis 
has been strikingly lower in patients rendered 
adrenal-deficient by surgery than in persons 
with spontaneous Addison’s disease, but this 
difference is probably ascribable to the provision 
of cortisone to the former group from the time of 
origin of the adrenal-deficient state. However, 
although cortisone has antipigmentary proper- 
ties in adrenal-deficient persons, the adrenal 
cortex must contain antipigmentary factors 
other than cortisone and hydrocortisone. 

Clinically detectable regeneration of adrenal 
cortical tissue occurred only once in a series of 
twenty-seven patients subjected to subtotal 
adrenal resection. 
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Dual Mechanism Regulating Adrenocortical 


Function in Man 


GRANT W. Lippe, m.p., LEroy E. DuNcAN, JR., M.p. and Freperic C. 


BARTTER, M.D. 


Bethesda, Maryland 


LTHOUGH the anterior pituitary gland is 
known to govern many of the better under- 
stood adrenocortical functions by secretion of 
corticotropin (ACTH), it does not necessarily 
follow that it governs all adrenocortical func- 
tions. [The purpose of the present study is to 
examine the questions of (1) whether or not the 
production of aldosterone-like steroids by the 
adrenal cortex is necessarily associated with the 
production of hydrocortisone-like steroids, (2) 
whether or not production of aldosterone is in- 
creased when ACTH is administered and (3) 
whether or not production of aldosterone is 
diminished by suppression of endogenous ACTH. 


METHODS 


Repeated observations were made on ten normal 
volunteer subjects, one patient with hypopituitarism, 
one with nephrosis, three with cirrhosis, one with 
amyloidosis and seven with congestive heart failure. 
Sodium intake was controlled in all studies, and in 
most studies the subjects received diets which were 
constant in all respects. During periods of sodium 
deprivation, dietary sodium was generally maintained 
at less then 9 mEq. per day. Transitions from periods 
of low sodium intake to high sodium intake were made 
abruptly by intravenous infusion of from 2 to 3 L. 
of physiologic saline solution, followed by the addition 
of at least 100 mM. of sodium chloride to the daily 
diet. During periods of ACTH administration, highly 
purified corticotropin in 16 per cent gelatin vehicle 
was administered intramuscularly in doses of 100 units 
every twelve hours. During attempts to suppress 
pituitary release of ACTH either cortisone acetate 
or hydrocortisone was administered orally in doses of 
50 mg. every six hours. 

Complete urine collections for electrolyte and 
steroid determinations were made daily; until steroid 
analyses could be performed, the specimens were 
refrigerated or frozen. In several studies specimens of 


saliva for sodium potassium ratio and specimens of 
blood for eosinophil counts were obtained. Sodium 
and potassium determinations were made using a 
flame photometer with lithium as internal standard. 
As an index of hydrocortisone production urinary 17- 
hydroxycorticoids were determined by a modification ' 
of the method of Silber and Porter.’ 

In preparation for assay of aldosterone-like steroids, 
the urine was acidified to pH 1 with hydrochloride. 
It was then extracted continuously with ether for 
twenty-four hours.t The urine was then extracted 
continuously with methylene chloride for twenty-four 
hours. The methylene chloride extract was washed 
with !'o9 volume of 0.1 N sodium hydroxide, washed 
with water, dried over sodium sulfate, and evaporated 
to dryness with a stream of nitrogen under reduced 
pressure. [The residue was dissolved in ethanol and 
stored at —7°c. until it could be assayed. It has been 
shown’ that after such an extraction procedure, all 
sodium-retaining activity contained in the final 
extract behaves chromatographically like aldosterone. 
Hence the authors have in this discussion used the 
term aldosterone in referring to sodium-retaining 
steroids extracted by this method. Aldosterone assay 
was carried out in adrenalectomized dogs by a method 
previously described. 

RESULTS 

Several lines of evidence for the dissociation of 
aldosterone production from hydrocortisone 
production were adduced. 

Effects of Varying Sodium Intake. In all subjects 
tested restriction of sodium intake resulted in 
increased excretion of aldosterone. (Fig. 1 to 6.) 
Since the degree of sodium depletion was not the 
same for all subjects it was not surprising that 
some exhibited much greater increases in urinary 
aldosterone than others. An abrupt change in 
regimen from sodium restriction to sodium 
“loading” was invariably accompanied by an 


*From the Section on Clinical Endocrinology, Clinic of General Medicine and Experimental Therapeutics, 
National Heart Institute, Bethesda, Maryland. 
+ We are indebted to Dr. Maurice M. Pechet for pointing out that extraction of urine with ether can be used to 
remove the major portion of steroidal contaminants such as free hydrocortisone while removing only minor amounts 
of aldosterone. 
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bic. 1. Patient W. M., 
The effect of cortisone, 


twenty-tive vear old normal man. 
ACTH, and variations in sodium 
intake on excretion of aldosterone and 17-hydroxy- 
corticoids (September to October). 
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Fic. 3. Patient A. R., nineteen vear old normal man. 
‘The effect of cortisone, ACTH, and variations in sodium 
intake on excretion of aldosterone and 17-hydroxy- 
corticoids. 


abrupt fall in urinary aldosterone. Excretion of 
1’-hvdroxycorticoids was not influenced by 
sodium intake. This suggests that sodium de- 
privation as a stimulus to aldosterone production 
is not mediated by ACTH. 

During periods of sodium deprivation salivary 
sodium, potassium ratios became depressed, 
presumably in response to increased circulating 
levels of aldosterone.’ Significant changes in 
circulating eosinophils did not occur. Eosinophils 
were not expected to show a change, of course, 
since other evidence of increased hydrocortisone 
secretion was absent and since aldosterone 
itself has relatively slight eosinopenic activity.** 

Adrenal Function in Diseases Characterized by 
Edema Formation. Patients in whom edema 
forms due to congestive heart failure, cirrhosis or 
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Fic. 2. Patient W. M., twenty-five year old normal man. 
The effect of cortisone, ACTH, and variations in sodium 
intake on excretion of aldosterone and 17-hydroxy- 
corticoids (November to December). 
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Fic. 4. Patient F. H., forty-four year old man. The effect 
of cortisone and changes in sodium intake on excretion of 
aldosterone in a patient with cirrhosis. During the “saline 
I. V.” period 9.4 L. of physiologic saline solution were 
infused over a period of five days; 7.4 L. of ascitic fluid 
were removed at the time of “paracentesis.” 


nephrosis exhibit characteristic distortion of 
adrenocortical function. (Fig. 7.) Whereas 
17-hydroxycorticoid output in such patients is 
usually normal or slightly low, aldosterone out- 
put is high even when sodium intake is not re- 
stricted. This suggests that in certain pathologic 
conditions a stimulus to the production of 
aldosterone develops which does not affect the 
production of hydrocortisone. 

Effectof ACTH. <A total of fourteen courses of 
ACTH were administered to five endocrinol- 
ogically normal subjects. (Figs. 1-3, 5, 8-11.) 
The duration of treatment with ACTH varied 
from one to eight days. These studies with ACTH 
included subjects on both high and low sodium 
regimens. With all fourteen courses of treatment, 
administration of ACTH was accompanied by 


AL DOS 7 
Tt te 
> 
of : 
r ~4 7 
7 ZZ E - 
4 
8 ‘ 24 28 8 id 6 24 <8 32 
DAY OAY 
- 
e 
. ‘ 4 é 32 
| 
° 


Regulation of Adrenocortical Function—Liddle et ai. 
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ric. 5. Patient R. K., twenty-four year old man. The 
effect of ACTH on urinary aldosterone and 17-hydroxy- 
corticoids in a normal subject maintained on a sodium 
intake, first, of 15 mEq. per day and, later, 100 mEq. per 
day. 


large increases in 17-hydroxycorticoid excretion 
and, with equal consistency, by _ relatively 
smaller increases in aldosterone excretion. On 
the average, the increases in 17-hydroxycorticoid 
excretion were tenfold, whereas the increases in 
aldosterone excretion were twofold. ‘The ACTH- 
induced increase in aldosterone excretion was 
not sustained beyond the initial two to four days 
of treatment. As illustrated in Figure 5, with 
more prolonged administration of ACTH, 
aldosterone excretion fell to levels below those 
observed in the pre-ACTH periods. This late 
fall in aldosterone excretion was not accom- 


panied by any diminution in the high levels of 


urinary 17-hydroxycorticoids. 

The abrupt withdrawal of ACTH following a 
short course of treatment was in every instance 
followed by a fall in urinary aldosterone to 
extremely low levels. This fall in urinary aldo- 
sterone was always accompanied by some 
sodium diuresis. 

Effect of ACTH-Suppressing Steroids. Since 
cortisone in doses of approximately 25 mg. every 
six hours will induce adrenocortical atrophy’ 
and unresponsiveness’ in human subjects, it is 
reasonable to assume that such doses are effec- 
tive in suppressing secretion of ACTH. It 
is noteworthy, therefore, that the much larger 
doses of cortisone acetate employed in this study 
(50 mg. every six hours) were rot very effective 
in suppressing aldosterone excretion of subjects 
on low sodium intake. (Figs. 1-4.) In three 
studies aldosterone excretion fell slightly, and 
in one study it rose slightly during administra- 
tion of cortisone. In three of four studies a 
transient fall occurred in urinary aldosterone 
immediately following withdrawal of cortisone. 
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Fic. 6. Patient J. M., twenty-nine year old man. The 
effect of ACTH and changes in sodium intake on urinary 
aldosterone and 1°-hydroxycorticoids in a patient with 
hypopituitarism. “I. V. ACTH” denotes intravenous 
infusion of 40 units of ACTH over an eight hour period. 
In our series of normal adult subjects 1 7-hydroxycorticoid 
excretion values ranged from 20 to 40 mg. per day during 
such standardized stimulation. 


Hydrocortisone in doses of 50 mg. every six hours 
failed to suppress aldosterone excretion to any 
marked degree in subjects on low sodium intake. 
(Figs. 8, 12.) It appears, therefore, that cortisone 
and hydrocortisone are much less effective than 
a liberal sodium intake in suppressing aldo- 
sterone excretion. 


Aldosterone Production in Hypopituitarism. Sub- 


ject J. M. was a twenty-nine year old man in 


whom hypopituitarism had been well estab- 
lished. Gross impairment of the adrenal hydro- 
cortisone-secreting mechanism in this patient 
was indicated by the very low levels of plasma 
and urinary 17-hydroxycorticoids. (Fig. 6.) 
The response to exogenous ACTH was char- 
acteristic of that seen in patients with adreno- 
cortical atrophy secondary to pituitary hypo- 
function in that only a minimal rise in plasma 
and urinary 17-hydroxycorticoids occurred dur- 
ing the initial day of treatment with ACTH, with 
stepwise increases to normal with six successive 
days of treatment. Although the pituitary gland 
of this patient was not functioning adequately to 
maintain the adrenal hydrocortisone-producing 
mechanism, no gross impairment of the aldo- 
sterone-producing mechanism occurred. During 
sodium deprivation increased quantities of 
aldosterone were excreted in this patient, and 
the urinary sodium fell to less than 1 mEq. per 
day. 

This case confirms in another manner the 
independence of hydrocortisone and aldosterone- 
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Pic. 7. The range of values encountered for aldosterone and 17-hydroxycorticoid excretion in normal adult subjects and 
in a series of patients exhibiting edema due to congestive heart failure, nephrosis or cirrhosis. All values were obtained 
while subjects were receiving a liberal sodium intake but were not receiving hormone therapy. 
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Fic. 8. Patient E. M., nineteen year old normal woman. 
Aldosterone excretion during treatment on alternate 
days with ACTH and during comparable treatment with 
hydrocortisone. 


producing mechanisms. It indicates that aldo- 
sterone production does not require stimulation 
by ACTH and, furthermore, does not depend 
upon an intact pituitary for its physiologic 
control. 


COMMENTS 


The findings of the present study supplement 
previous work showing that sodium deprivation 
is a stimulus to increased aldosterone excretion'’ 
and that aldosterone excretion is frequently 
increased in patients with congestive heart 
failure,'’:'' nephrosis,'*:'* and cirrhosis.'*:'* That 
destruction of the pituitary body does not lead 
to complete cessation of secretion of aldosterone 
in the dog,'® the rat,'® and man!*"’ has been 
reported previously. 

The consistent observation in the present 
study that ACTH induces an increase in aldo- 
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Fic. 9. Patient W. M., twenty-five year old normal man. 
The effect of ACTH on steroid excretion (February). 


sterone excretion is in agreement with a report by 
Gordon, et al.'* based upon a study in man, as 
well as studies on the rat reported by Singer and 
Stack-Dunne.'* Contrary findings have been 
reported by Luetscher and Johnson,'® and by 
Venning et al.'* The increases in aldosterone 
excretion which occur in response to large doses 
of ACTH are small when compared with the 
increases which can be brought about by severe 
sodium deprivation. The effect of ACTH on 
aldosterone excretion is biphasic; an_ initial 
increase is followed by a decrease. To explain 
this, one may postulate that ACTH has some 
‘tropic’ influence on the adrenal gland which 
favors secretion of aldosterone, but the con- 
comitant secretion of large quantities of other 
corticoids leads to cumulative physiologic effects 
(for example, sodium retention, potassium loss, 
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Fic. 10. Patient J. B., twenty-six year old man. Effect of 
ACTH on aldosterone excretion in a patient with familial 
amyloidosis. 
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Fic. 11. Patient W. M., twenty-five year old normal man. 
Effect of ACTH on steroid excretion (January to Febru- 
ary). 


extracellular fluid expansion) which oppose 
aldosterone secretion. ACTH should be re- 
garded, then, as an ancillary agent capable of 
producing transient changes in aldosterone 
secretion, whereas .the prime factor determining 
the level of aldosterone secretion is related to 
fluid and electrolyte metabolism. It is of interest 
that in various studies the percentage increase in 
aldosterone excretion induced by ACTH was 
relatively constant, whereas the absolute increase 
was Clearly a function of the pre-ACTH levels of 
aldosterone excretion. (Figs. 3 and 5.) If the 
increase in excretion of sodium-retaining corti- 
coid during treatment with ACTH were due to 
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Fic. 12. Patient V. B., nineteen year old normal man. 
Lffect of hydrocortisone on aldosterone excretion. 


some steroid other than aldosterone (corti- 
costerone, for example), then one would expect 
the absolute magnitude of the increase to be 
unaffected by such factors as the amount of 
sodium in the diet. 

The “‘unitarian” concept that adrenocortical 
function is under the sole control of pituitary 
adrenocorticotropic hormone has become un- 
tenable. Several lines of evidence indicate that 
at least one adrenocortical function, the secretion 
of aldosterone, is regulated by some other 
mechanism. Hydrocortisone secretion is ap- 
parently regulated strictly by ACTH, while 
aldosterone secretion is affected relatively little 
by either increases or decreases in ACTH. 
Aldosterone secretion is extremely sensitive to 
changes in body fluid and electrolyte content, 
whereas hydrocortisone secretion is affected 
hardly at all by these changes. 

Such separation of adrenocortical functions in 
the rat was recognized many years ago in the 
cytologic studies of Greep and Deane.'* These 
investigators were able to change the histo- 
chemical appearance of zona glomerulosa in rats 
by treatment with desoxycorticosterone acetate 
but not by hypophysectomy or by treatment with 
corticosterone. They could, however, alter the 
appearance of zona fasciculata by hypophysec- 
tomy or by treatment with corticosterone. 
Whether aldosterone and hydrocortisone are 
secreted by different zones of the human adrenal 
cortex is, of course, unanswered by the present 
study. 

Although it is clear that aldosterone is not 
ordinarily regulated by ACTH, it remains for 
further studies to elucidate the precise nature 
of the regulatory mechanism. Some of the condi- 
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tions which stimulate aldosterone production are 
(1) loss of extracellular fluid volume, whether 
it is a result of simple dehydration*® or 
sodium depletion, (2) potassium loading*®*! and 
(3) certain diseases such as congestive heart 
failure, cirrhosis and nephrosis. Whether or not 
the multiple factors which now appear to in- 
fluence aldosterone production will ultimately 
be shown to operate through a “‘final common 
pathway” remains to be determined. 

Recognition of the fact that aldosterone secre- 
tion is not dependent upon ACTH makes it 
easier to understand that patients with hypo- 
pituitarism, although displaying inferior toler- 
ance to trauma, infections, and fasting, neverthe- 
less often survive sodium deprivation very well. 
This ability to conserve sodium is not shared by 
patients with Addison’s disease. Dilution hypo- 
natremia does, of course, occur in patients with 
hypopituitarism, due to their inability to excrete 
a water load readily; this defect is remedied by 
treatment with cortisone. ** 

It is of interest that at least one form of hyper- 
adrenocorticism (that is, increased aldosterone 
output) frequently occurs without giving rise 
to anv of the more common signs of hyper- 
adrenocorticism. An abnormal increase in aldo- 
sterone production occurs with great frequency 
in patients with congestive heart failure, cir- 
rhosis and nephrosis, and probably contributes 
significantly to the edema forming propensity of 
such patients. Yet this variety of adrenal 
hyperfunction is not associated with the clinical 
or laboratory stigmas of Cushing’s syndrome. 
Specifically, there is no characteristic alteration 
in 17-hydroxycorticosteroid or 17-ketosteroid 
values or in eosinophil counts in patients in 
whom large quantities of aldosterone are 
produced. 


SUMMARY 


Secretion of aldosterone and secretion of 
hydrocortisone by the human adrenal cor- 
tex appear to be regulated by distinctly dif- 
ferent mechanisms, as shown by the following 
observations. 

1. Sodium deprivation results in large in- 
creases in aldosterone output but does not 
appreciably affect 17-hydroxycorticoid output. 

2. Certain diseases (congestive heart failure, 
cirrhosis and nephrosis) are characterized by an 
increase in aldosterone output without clinical 
or laboratory evidence of more general hyper- 
adrenocorticism. 
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3. Administration of ACTH results in rela- 
tively large increases in hydrocortisone (17- 
hydroxycorticoid) output but results in only com- 
paratively small increases in aldosterone output. 

4. Suppression of ACTH release by adminis- 
tration of cortisone or by damage to the pituitary 
reduces hydrocortisone secretion to minimal 
amounts but has relatively little effect on secre- 
tion of aldosterone. Thus it appears that the 
secretion of aldosterone is responsive to changes 
in water and electrolyte metabolism, whereas 


the secretion of hydrocortisone is regulated by 
production of ACTH. 


Acknowledgment: Uhe authors wish to express 
their gratitude to Miss June Richard and Mrs. 
Gavynelle Greene for their technical assistance. 
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The Clinical Significance of the Analysis of 
Serum Protein Distribution by Filter 
Paper Electrophoresis: 


Wirtiam P. Jencks, Evizaperu R. B. Smiru, and E. L. DurruM, 


Boston. Massachusetts 


He development of technics for the electro- 
phoretic separation of serum on filter paper 
followed by estimation of the concentration of 
the separated protein fractions by staining with 
acid dyes'® has made possible the widespread 
application of the electrophoretic technic and 
its high degree of resolution in protein frac- 
tionation to clinical problems. Unfortunately, 
much of the quantitative work with paper 
electrophoresis so far reported has been carried 
out with methods which were not satisfactory 
for the quantitative determination of separated, 
denatured protein fractions,’ because of a non- 
linear relationship between protein concentra- 
tion and dye uptake,” or the use of results ob- 
tained by direct scanning of stained proteins 
on paper strips without correction for the non- 
linear relationship between dye concentration 
on paper and scanner response.’ A_ recently 
described method for the quantitative deter- 
mination of electrophoretically separated pro- 
teins on paper with the dve bromphenol blue 
vielded a linear relationship between protein 
concentration and dye uptake and a scanner 
response which is linear for the concentrations 
of dve bound by normal globulin fractions and 
which is capable of correction for the albumin 
fraction.'® With the use of this procedure it has 
been possible to obtain results which, while not 
as accurate as those obtained by the moving 
boundary electrophoretic technic, appear to 
be of sufficient reliability and reproducibility 
for most purposes and are not subject to serious 
errors of the kind so far described. 
No attempt will be made here to review com- 


IWashington, D. C. 


San Francisco, California 


pletely the voluminous literature on the appli- 
cation of electrophoretic technics to the study of 
plasma and serum proteins in various diseases. 
Most of the important findings have been sum- 
marized by Gutman! in a review on the results 
obtained with the moving boundary method 
and on the relationship between the salting-out 
and electrophoretic methods of protein frac- 
tionation. Other recent publications include 
those by Luetscher,'* Fisher!’ (reviews), Lever!‘ 
(emphasizes dermatologic conditions), Flynn!® 
(qualitative estimation of abnormalities in paper 
electrophoretic patterns), Koiw et al.,'® Paton 
et al.'* and Macheboeuf et al.!* (paper electro- 
phoresis), Corvell et al.'* (pregnancy), Arends 
et al.°° (Hodgkin’s disease and lymphoma), 
Rundles et al.*! (leukemia), Ropes et al.** and 
Hunt*’ (rheumatoid arthritis), Squire,** Fisher 
et al.*° and Stickler et al.** (nephrotic svn- 
drome), Hoch-Ligetti et al.*" (surgery), Mahaux 
and Koiw** (myxedema), Bruton*’ (agamma- 
globulinemia), Osserman and Lawlor*®® (mul- 
tiple myeloma), Wilson and Lubschez*! (rheu- 
matic fever), Satoskar et al.** (hepatitis), 
Stauber** (parasitology), and Kay** (paper 
electrophoresis in the differential diagnosis of 
ascites). Some of the quantitative results ob- 
tained with paper electrophoretic technics by 
these authors are uncertain because of the 
methods used, although the general patterns of 
abnormality in various diseases are probably 
correct. 

The study reported herein was carried out in 
order to obtain data on the range of normal 
values for distribution of serum proteins as 


* From the Department of Pharmacology, Walter Reed Army Institute of Research, Walter Reed Army Medical 
Center, Washington, D. C. 
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measured by the paper electrophoretic technic 
described previously, on the type, incidence and 
diagnostic significance of abnormalities of this 


distribution in disease, and on the usefulness of 


this technic as a clinical laboratory procedure. 


MATERIALS AND METHODS 


Electrophoretic separation and staining of proteins 
on filter paper were carried out as previously de- 
scribed.'®*° Bromphenol blue staining solution was 
freshly made each week and used for staining no more 
than twenty-five strips per liter. The amounts of dye 
bound by each of the separated protein fractions were 
estimated either by elution or by direct optical scan- 
ning of the oiled strips using a continuously recording 
instrument®® or a similar instrument constructed in 
such a way that the opucal density and integral curves 
are recorded simultaneously by a two-pen recorder.” 
Light from a tunggten lamp was passed through a 
Bausch and Lomb-second order interference filter 
with a peak transmission at 604 my., a Corning 
3,385 cut off filter, and a 2 mm. slit before passing 
through the paper. 

The percentage contribution of each protein frac- 
tion to the total pattern area was read directly from 
the rise in the integral curve for each component, 
using a proportional ruler graduated from 0 to 
100 per cent. The integral distances obtained for the 
albumin fractions were corrected for deviation result- 
ing from non-linear relationship between optical 
density and concentration of dye on paper by refer- 
ence to a standard curve obtained by elution of a 
group of normal and pathologic serum patterns. 
Under the scanning conditions described, this correc- 
tion was close to 2.0 for the greater part of albumin 
concentrations encountered; this results in an increase 
to 65 to 70 per cent from the uncorrected value of 50) 
to 55 per cent for the fraction of the total area due to 
albumin in normal serum. As previously reported’ 
no correction is necessary for measurement of dye 
bound to the less concentrated globulin fractions. No 
attempt was made to correct scan values obtained fo: 
concentrated abnormal globulins such as those en- 
countered in serum from patients with multiple 
myeloma. Such proteins result in a high concentration 
of dye distributed over a small area of paper and are 
best measured by elution if an accurate estimate of 
their concentration is desired. Unless otherwise stated, 
all the data were obtained with the direct scanning 
technic. No correction was made for albumin “‘tail- 
ing’ which amounts to 3 to 5 per cent of the albumin 
present in normal serum. 

The reproducibility of repeated determinations on 


* We are greatly indebted to Mr. Saul R. Gilford and 
Mr. Melvin Martin of the National Bureau of Standards 
for the construction of this instrument. 


the same sample under the conditions described has 
been reported previously.'® Standard deviations for 
the percentage of the total dye bound by the albumin 
fraction averaged slightly over 2 per cent when deter- 
mined by elution or by direct scanning without 
correction. After correction the values for the various 
fractions obtained by scanning and by elution agree 
satisfactorily and the standard deviations of the cor- 
rected scan values for albumin average about 3 per 
cent of the total dye bound with correspondingls 
smaller values for the other fractions. 

Results are expressed in terms of bromphenol blue 
dye binding capacity of the separated fractions. No 
attempt has been made to convert the results to units 
of refractive index, nitrogen content, dry weight or 
other terms. Such a conversion would require the use 
of different conversion factors for each protein frac- 
tion’® and, even if accurate conversion factors were 
determined for each of the fractions of normal serum, 
it is unlikely that the same factors would be valid 
for proteins of different composition in abnormal! 
serum. 

Total 
method*’ using as a standard bovine albumin, the 
concentration of which was determined by micro 
Kjeldahl nitrogen analysis using the factor 6.25 to 
convert to protein concentration. 

Completed results on each sample were wanslerred 
to Keysort punch cards for sorting and analysis. 


protein was determined by the biuret 


RESULTS 
Paper clectrophoretic analyses of serum pro- 
tein distribution were carried out on serum 
samples from 3,000 hospital admissions as part 
of the routine initial laboratory work-up on 
these patients, excluding only those patients 
admitted to psychiatric wards. From the last 
2,300 of these analyses, 1,516 cases on which 
complete data and final discharge diagnoses 
were available were selected for further study. 
Of this group, 325 represented obstetric cases, 
forty-one were cord bloods obtained from new- 
born infants, and the remainder a random 
sampling of hospital admissions including 185 
specimens which were later used for the deter- 
mination of normal values, as will be described. 
Results were analyzed first by disease to deter- 
mine incidence and nature of serum protein 
abnormalities in various disease groups, and 
then by abnormality to determine the types of 
disease and the diagnostic significance associated 
with each type of abnormal finding. The type 
of pattern obtained and some abnormal patterns 
evident on inspection of the stained strips are 
shown in Figure 1. 
In the interpretation of data to be presented 
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Fic. 1. Examples of abnormalities in serum protein distribution which are evident 
on inspection of the electrophoretic pattern. 7, normal; 2, infectious mono- 
nucleosis; 3, hypogammaglobulinemia; 4, leukemia (type undetermined); 5, 
nephrotic syndrome; 6, infectious hepatitis; 7, multiple myeloma; 8, sarcoidosis. 


two points should be kept in mind. First, the 
concentration of each serum protein fraction is 
expressed in terms of per cent of the total protein 
rather than as absolute serum protein concen- 
tration. This is done to avoid the introduction 
of an error caused by multiplying per cent values 
obtained in one set of units (dye binding 
capacity) by total protein values in another set 
of units (biuret value (this applies equally to 
results obtained with the moving boundary 
method, unless total protein concentration is 
measured in each case by either refractive index 
increment itself or by dry weight, which has been 
shown to be directly proportional to the refrac- 
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tive index increment for a variety of different 
proteins®*}), and also to avoid variations which 
would occur as a result of changes in total pro- 
tein concentration. Such changes, resulting from 
transient hemoconcentration or hemodilution 
due to postural changes,**:*° state of hydration, 
and so on, would lead to apparent changes in 
the absolute concentration of protein fractions 
in the absence of any change in the protein 
distribution pattern. As a consequence of ex- 
pressing results in terms of per cent, any change 
in the concentration of one fraction will lead 
to complementary changes in the percentage 
distribution of all other fractions. This is of 


* 
| 
» 
7 
4 
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TABLE I 
PROTEIN DISTRIBUTION OF POOLED NORMAL SERUMS 
DETERMINED BY ELUTION OF PATTERNS 
STAINED WITH BROMPHENOL BLUE * 


No. of 


Samples of | Albumin Alpha: Alpha: Beta Gamma 
Pox led ) i Globulin Clobulin CGlobulin (slobulin 

8 5 7 1? 
10 (No. 1 70.8 2.5 7.8 g 7 i” 3 
10 (No. 2 71 1 2? 6 ? 11 
10 (No. 3 69.9 2.8 7.5 8 8 11.0 

Average .... 70.6 2 9 7.0 g 5 11.3 


* Values are means from at least two determinations on each sample. 
Serums were obtained from predominantly male blood donors at ume of 
bleeding. 


practical importance only in those cases in 
which a decreased concentration of albumin 
results in increased per cent values for all the 
elobulin fractions. For this reason in the evalua- 
tion of results a globulin fraction was considered 
to be abnormally elevated only if the albumin 
concentration was normal or, in the presence 
of a decreased albumin concentration, only if 
the other globulin fractions were all normal or 
the total protein concentration was increased. 
Second, the results obtained by paper elec- 
trophoresis are not directly comparable with 
those obtained by the moving boundary technic 
since protein-bound lipid and carbohydrate are 
not measured by the former procedure and the 
ratio of dye binding capacity to refractive index 
increment varies for different proteins.'” Since 
lipid and carbohydrate are bound almost 
entirely by globulins, and because albumin has 
the highest dye binding capacity of any of the 
protein fractions of normal serum,'® the net 
result of these differences is that the concentra- 
tion of albumin in normal serum is higher when 
measured by paper electrophoresis than when 
measured by the moving boundary technic. 
Normal Values. In Table 1 are shown the 
values for protein distribution obtained by 
analysis of four different pools of serum from 
presumably healthy, non-professional blood 
donors. These values were obtained by elution 
of dye from the individual protein bands; cor- 
rected scan values on the same samples were 
not significantly different. The 70 per cent value 
obtained for the albumin fraction of these 
serum pools may be compared with the 55 per 
cent value obtained for pooled human plasma 
by Armstrong, Budka and Morrison*! by the 
moving boundary method in terms of refractive 


index (59 per cent if the value for fibrinogen, 
which is not present in serum, is omitted). The 
reasons for this difference have already been 
discussed. 

Since results obtained with pooled serum and 
plasma do not provide the range of variation to 
be expected in a normal population, they are 
not entirely suitable as a standard for clinical 
purposes. For this reason, and to rule out the 
likelihood of error because of possible alterations 
in protein distribution caused by pooling of 
serum or differences between blood donor and 
hospital populations, the protein distribution 
was determined in serum from a group of pa- 
tients hospitalized for various reasons which 
could be reasonably assumed not to be asso- 
ciated with any abnormality of serum proteins. 
Such a group was selected by assembling the 
results of analyses on serum from all patients 
with one of the following four discharge diag- 
noses: (1) no disease found, seventy; (2) minor 
injuries, twenty-four; (3) localized mild skin 
diseases, forty: (4) deafness (excluding trauma 
and otosclerosis), fifty-one. Mean values for 
protein distribution in each of these groups did 
not differ appreciably from the others, indicat- 
ing that no abnormality in one group was in- 
Huencing the mean value obtained for the entire 
series. The values obtained from this group of 
185 cases are summarized in Table u. It is 
evident that the mean values for protein dis- 
tribution in this series do not differ greatly 
from those obtained with the pooled serum, the 
greatest difference occurring in the albumin 
fraction which is 68.9 per cent compared with 
70.6 per cent in the former series. 

If it is assumed that the distribution of normal 
concentrations of various protein fractions follow 
a normal distribution curve, then 95 per cent of 
all normal values will be included within a range 
of two standard deviations above and below the 
mean normal value for each fraction. The range 
of normal values used in this study was defined 
by these limits, keeping in mind that one of 
twenty normal subjects will fall outside this 
range. This range of values, rounded off to the 
nearest whole number, is also shown in Table u. 
The data presented on abnormal serum have 
been compared with this group of normal 
values, and the references to significance in 
statistical comparisons refer to comparisons with 
this group. The significance of such comparisons 
was measured by the ‘‘t test’ and is expressed 
in terms of “‘p,”’ the probability that the differ- 
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TABLE UU 
NORMAL VALUES FOR PROTEIN DISTRIBU TION OBTAINED BY SCANNING PAPER ELECTROPHORETIC PATTERNS 
OF SERUMS FROM 185 PERSONS 


Val No. of Alburnin 
Persons 

\werage 185 68 9 

Standard deviation . 42 

Standard deviation of mean “3 
Normal values: mean + 2 standard 

deviations. 
Men. 163 
Women 2? 5 


Alpha, Alpha, Beta (;amma Total 
Globulin Globulin Globulin Globulin Protein 
(%) (%) (%) (%) (gm./100 ml.) 
0.9 15 1.9 2.5 0.7 
1 1 2 1 
1-§ 4-10 5-13 7-17 5.9-8.7 
4.9 9 0 11.9 
5 12.0 7.1 


ence between the two groups being compared is 
due to chance alone. 

The mean values for protein distribution ac- 
cording to sex in the sarne group are also shown 
in this table. Values for the two groups are 
closely comparable and indicate there is little 
or no difference in the electrophoretic distribu- 
tion of proteins between men and women. 

The mean values for protein distribution by 
age are shown in Figure 2. Although the major- 
ity of cases are in the younger age group, there 
are enough cases in the older groups to indicate 
that there is no great change in the electro- 
phoretic distribution of serum proteins over the 
age ol filteen. 

Serum Protein Abnormalities in Disease. Infections. 
The most frequent and striking abnormality 
in the protein pattern found in analyses of 
serum from 187 cases of infectious disease was 
an elevation in the level of alpha, globulin. 
Thirty-nine persons displayed values greater 
than the range of normal for this protein fraction 
and in the entire group 141 of the 187 patients 
had values above the average normal value. 
The mean alpha, globulin level was 8.7 per cent 
compared with the normal mean of 7.3 per cent. 
Almost as many patients had abnormally de- 
creased albumin concentrations, with thirty- 
seven values below the normal range, while 
only fifteen patients had abnormally elevated 
gamma globulin levels. 

The mean values for distribution of serum 
proteins in twenty-two cases of pulmonary 
tuberculosis are shown in Table m. The albumin 


SEPTEMBER, 1956 


TOTAL 75 

= 
70: 7 
ALS < = 


w 
65- 
2 
10 
x 
§; 
AGE 20°29 30°39 40-49 50 GOVER 
n 16 106 39 14 10 


Fic. 2. Distribution and concentration of serum proteins 
in normal subjects according to age. 


and gamma globulin fractions are significantly 
(p = <0.001) below and above normal, re- 
spectively. There is also an elevation in the level 
of alphas globulin; the small increases in alpha, 
and beta globulin reflect only the fall in the 
albumin fraction and do not indicate an appre- 
ciable rise in the concentration of these fractions. 
The changes from the normal pattern in this 
group correspond closely to those reported by 


392 Filter. Paper Electrophoresis of Serum Proteins-—Jencks et ai. 


‘TABLE 11 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH INFECTIOUS DISEASES 


No. of Albumin 


Persons (%) 
Pulmonary tuberculosis. ........ 22 59.6 
neumonia...... 11 65.0 
Bronchopneumonia. . 12 64.3 
Standard deviation. ..... 6.1 
Significance (p)..... 0 001 


Alpha, Alpha, Beta Gamma Total 
Globulin Globulin Globulin Globulin Protein 

(%) (%) (%) (gm. /100 mil.) 
40) 9 § 9 9 17.0 7.0 

4 ] 9 / 12 4 

3 9 0 9 G 11 9 6G 7 

4 7 ti. 15 3 

OOF 0 OO] O5 OOF None 


Seibert et al.** for their cases of “‘moderately 
advanced active pulmonary tuberculosis,” al- 
though the actual values are not the same be- 
cause of the different units used to express pro- 
tein concentration. | 

In the individual analyses on these patients 
the albumin concentration was below the aver- 
age normal value in every case and below the 
normal range in ten cases, with values ranging 
down to 44 per cent. The gamma globulin level 
was above the average normal value in all but 
two cases and abnormally elevated in five, with 
values up to 34 per cent. The alphas and beta 
globulin fractions were abnormally elevated in 
three and two cases, respectively, and total pro- 
tein concentration was below normal in three 
Cases. 

The mean values for concentration of various 
protein fractions in a group of eleven cases of 
pneumonia, only two of which were definitely 
diagnosed as pneumococcal, are shown also in 
Table m. There is a small decrease in the mean 
albumin concentration but little change in the 
other fractions except for a slightly elevated 
alphag globulin. The albumin was abnormally 
decreased in two cases and the alpha, globulin 
elevated in three cases, with ten of the eleven 
cases showing values above the mean normal 
value. In one case total protein concentration 
was decreased. In no case was gamma globulin 
concentration increased. 

Of twelve cases of bronchopneumonia, all but 
one exhibited levels of alpha globulin above the 
normal mean and in seven cases this was outside 
the range of normal values. In addition, one 
albumin value and one total protein value were 
abnormally low. The average values for this 


disease (lable m1) do not differ appreciably from 
those for pneumonia except for a somewhat 
greater alpha» globulin concentration. 

In thirteen cases of bronchitis, the alpha, 
globulin was abnormally elevated in two cases 
and above the average normal value in eleven 
cases. [he albumin concentration was de- 
creased to 53 per cent in one case. 

In eleven cases of bronchiectasis albumin con- 
centration was decreased in two cases and 
gamma globulin and alpha; globulin were each 
increased in one case. 

Of the thirty-four patients with infections of 
the upper respiratory tract (including thirteen 
cases of tonsillitis and adenoiditis, and thirteen 
cases of otitis media), three had abnormally low 
albumin concentrations, two had _ elevated 
alpha, globulin, and one each had decreased 
alpha» and beta globulin concentrations. 

The only abnormality encountered in five 
patients with osteomyelitis was one albumin 
concentration of 59 per cent. 

The mean values for concentration of protein 
fractions in eleven cases of pyelonephritis are 
shown in Table m1. The mean albumin concen- 
tration of 59.5 per cent is considerably below 
normal and accompanied with an increase in all 
the globulin fractions, which is most marked for 
the alpha, and gamma globulin values of 10.0 
and 15.3 per cent, respectively. The total pro- 
tein concentration of 7.0 gm./100 ml. is slightly 
below normal. All these changes are significant 
at the 0.1 per cent level of probability except 
for the increased beta globulin which is sig- 
nificant only at the 5 per cent level and the total 
protein which is not significant. The albumin 
was abnormally decreased in four cases with 
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‘TABLE IV 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH NEOPLASTIC DISEASE 


No. of Albumin 
Persons (%) 
(‘arcinoma and sarcoma: 

Metastatic | 26 57.8 
Standard deviation. . a 9 8 
Significance (p). . OO1 

Non-metastatic 31 64 5 

Hodgkin's disease 13 61.5 
Standard deviation 2.0 
Significance (p) 0 OOF 

Benign tumors 33 68 0 


Alpha, 
Globulin Globulin Globulin Globulin 


Total 
Protein 


Alpha, Beta Gamma 


(%) (%) (%) (%) (gm./100 ml.) 
5.7 11.4 11.5 13.7 6.7 

24 3.8 3.3 0.6 

0 0. 001 0.001 0.001 

3.7 7.9 10.3 13.6 io 

41 9.5 10.9 14.1 7.0 

1.6 1.5 0.5 

0 OO1 001 0.01 None 
30 7.5 12.8 7.4 


values ranging down to 49 per cent and alphas 
globulin was abnormally increased in four cases 
with values greater than the mean normal value 
found in all but one instance. Beta globulin and 
gamma globulin were elevated in one case each, 
and the alpha, globulin and total protein con- 
centration were decreased in one case each. 

Of a total of twenty-one cases of either 
cystitis, urethritis, epididymitis or prostatitis, 
five showed an increased alphas globulin, four 
a decreased albumin, three an increased alpha, 
globulin, one a low gamma globulin and one a 
low total protein concentration. Sixteen of the 
twenty-one patients had greater than average 
concentrations of alphas globulin. 

Of nine patients with infectious mononucleo- 
sis, three showed a decreased concentration of 
albumin, two an increased alphaz globulin and 
one an increased gamma globulin concentration. 

In thirty-eight miscellaneous infectious dis- 
eases alphay globulin was abnormally elevated 
in thirteen cases, albumin was decreased in six 
and elevated in one, gamma globulin was 
increased in three cases and total protein con- 
centration was clevated in one case and 
decreased in one case. Two cases of acute polio- 
myelitis, two cases of rubella, one case of coccidi- 
omycosis and three cases of syphilis (late cases 
and probably inactive) all showed normal 
patterns. One case each of scarlet fever, chicken 
pox and ( fever showed elevated alpha: globulin 
levels, as did two of three cases of atypical pneu- 
monia. One patient with acute rheumatic fever 
had a lowered albumin (51 per cent); one of 
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three patients with malaria had an elevated 
gamma globulin, and four patients with extra- 
pulmonary tuberculosis included one with a 
low albumin and one each with elevated gamma 
and alpha, globulin concentrations. In one case 
of schistosomiasis there was a low concentration 


-of albumin (58 per cent) with an elevated total 


protein concentration (11.5 gm./100 ml.). Two 
patients with lymphogranuloma venereum had 
elevated gamma globulin concentrations (17.2 
and 18 per cent). 

Neoplasms. Of a group of fifty-seven cases 
of carcinoma and sarcoma, twenty-six were 
metastatic, including ten cases that resulted in 
death, and thirty-one without known metas- 
tases: these two groups were considered sep- 
arately. The mean values for each group are 
shown in Table tv. 

In the group with metastases there is a 
marked lowering of the mean albumin concen- 
tration to 57.8 per cent accompanied with an 
increase in the concentration of all globulin 
fractions, particularly the alpha, globulin 
(11.4 per cent), and a fall in the total pro- 
tein concentration to 6.7 gm./100 ml. All 
these changes are statistically highly significant 
(p = <0.001). In ten cases albumin concen- 
tration was below the normal range and in 
every case but one the albumin concentration 
was below the average normal value. In four 
cases alphag globulin and in three cases alpha; 
globulin were above normal. Total protein con- 
centration was below normal in only two cases. 
The deviations from normal of the mean values 
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for this group of patients are also similar to 
those found by Seibert et al.** in a group of 
twenty-three patients with carcinoma. 

The mean values for the group of thirty-one 
cases without known metastases show the same 
trend as those with metastases but to a much 
smaller extent. Most of the rise in the globulin 
fractions may be accounted for by the fall in 
albumin concentration. In this group five pa- 
tients exhibited a lowered concentration of 
albumin (these included two deaths in this 
group and one case of co-existent cirrhosis of 
the liver) and twenty-three of the thirty-one 
cases exhibited albumin concentrations below 
the mean normal value. Gamma globulin con- 
centration was slightly elevated in four cases, 
alpha globulin was slightly elevated in two and 
decreased in two cases, alpha; globulin was 
slightly increased in two cases and total protein 
concentration was decreased in one case. 

It can be concluded that although there is a 
definite tendency toward a lowering of the 
albumin concentration and a rise in the alpha, 
globulin concentration in cases of carcinoma 
and sarcoma, this tendency is largely dependent 
upon the presence of widespread disease, as in 
the metastatic group, and probably does not 
represent a specific abnormality due to the 
presence of malignancy. 

The mean values for the protein distribution 
in thirteen cases of Hodgkin’s disease (including 
three deaths) are also shown in Table iv. The 
protein pattern in this group of patients is 
similar to that found in carcinoma and sarcoma 
and the differences from normal of the albumin, 
alpha,, alpha2 and beta globulin values are also 
all highly significant statistically (p = <0.001), 
although the increase in gamma globulin con- 
centration is significant only at the 1 per cent 
level and the small drop in total protein concen- 
tration is not significant. The albumin concen- 
tration was below normal in four cases and 
below the average normal value in all but one 
case. The alpha» globulin was elevated in four 
cases and the beta globulin in two; the level of 
each of these fractions was above the normal 
mean value in all but two cases and one case, 
respectively. Gamma globulin was elevated in 
one Case. 

Among five cases of leukemia the only mark- 
edly abnormal observation was an abnormal 
protein with the mobility of a gamma globulin 
in serum from a patient with leukemia of unde- 
termined type. Two patients with acute mono- 


cytic leukemia had a normal protein distribu- 
tion, one patient with chronic granulocytic 
leukemia had a slightly low albumin of 58 per 
cent and a patient with acute granulocytic 
leukemia had a low total protein concentration 
of 5.3 gm./100 ml. One patient with poly- 
cythemia vera had a slightly lowered albumin 
of 59 per cent with a total protein concentration 
of 9 gm./100 ml. One case of multiple myeloma 
showed a typical band of abnormal protein in 
the gamma region which accounted for over half 
of the elevated total protein concentration. 

Thirty-three cases of various types of benign 
tumors showed an essentially normal distribu- 
uion of protein. (Table tv.) The albumin was 
slightly lowered (59 per cent) in one case of 
neurofibromatosis. Alpha, globulin was elevated 
in two cases, alpha, globulin in two cases, 
gamma globulin in two cases and total protein 
concentration in one case; all of these abnormali- 
ties were slight. Two patients with chromophobe 
adenomas of the pituitary had normal protein 
distributions. 

Although these results do not suggest the 
presence of a specific abnormality in protein 
distribution due to malignant disease, it is 
worthy of note that in a total of seventy-six cases 
of malignancy the albumin concentration was 
below the mean normal value in sixty-six in- 
stances and in the thirty-three cases of benign 
tumor the albumin concentration was below the 
normal range in only one instance. Thus the 
electrophoretic pattern may sometimes be of 
value in the diagnosis of malignant disease, 
since an albumin concentration above the mean 
normal value of 69 per cent is unlikely in cases 
with malignancy while a value below the range 
of normal is unlikely in cases with benign neo- 
plasms or no disease. 

Cardiovascular Disease. Fifty-eight cases with 
arteriosclerosis as the principal discharge diag- 
nosis were divided into two groups: a group of 
thirty-nine patients in which the diagnosis was 
considered proved (patients with cerebrovascu- 
lar accidents, myocardial infarctions, angina 
pectoris and arteriosclerosis obliterans) and a 
group of nineteen patients with a clinical diag- 
nosis of arteriosclerosis only. The mean values 
for these two groups are given in Table v, and 
it can be seen that they do not differ appre- 
ciably from each other. The group of proved 
cases has a lowered albumin concentration of 
61.1 per cent accompanied with elevations in all 
the globulin fractions and a slightly decreased 
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TABLE V 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH CARDIOVASCULAR DISEASE 


No. of © Albumin 
Persons %) 
Arteriosclerosis proved . 39 61.1 
Standard deviation . 7.6 
Significance (p)..... 0.001 
Arteriosclerosis diagnosed 19 61.7 
Rheumatic heart disease . 18 60.9 
Standard deviation. 6.4 
Significance (p). 0 001 


Alpha, Alpha: Beta Gamma Total 
Globulin Globulin Globulin Globulin Protein | 
(%) '%) (%) (%) (gm./100 ml.) 
3.9 9.7 11.0 14.4 7.0 
4 4:3 1.8 4.0 0.5 
0.001 0.001 0.001 0.001 0.01 
4.3 9.5 13.5 13.1 6.5 
4.3 8.4 10.5 16.0 
3 pe» 2.4 2.8 
0 O01 0.01 0.01 0.001 None 


total protein concentration. All these changes are 
statistically highly significant (p = <0.001) 
except for the fall in total protein concentration, 
which is significant at the 1 per cent level. It ts 
of interest that the beta globulin fraction, which 
is associated with the majority of the plasma 
lipid, shows no greater rise than the other 
globulin fractions. In seventeen of these thirtvy- 
nine cases there was an abnormally low albumin 
concentration, with values as low as 43 per cent, 
and all but six had values below the average 
normal value. Four patients had an elevated 
alpha, globulin, one had a low gamma globulin, 
and none had an abnormally elevated beta 
globulin fraction. The nineteen subjects with a 
clinical diagnosis of arteriosclerosis show a 
similar picture with seven abnormally low 
albumin values ranging down to 44 per cent, 
four elevated alpha, globulin values, two ele- 
vated beta globulin values and five cases in 
which there was a decreased concentration of 
total protein. 

The decrease in albumin concentration found 
in these patients, most of whom were seriously 
ill and eight of whom died, is similar to that 
observed by Leinwand and Moore* with mov- 
ing boundary electrophoresis in a group of 
patients with arteriosclerosis. It is in contrast 
to the small decrease in albumin concentration 
found in a group restricted to patients with a 
history of myocardial infarction, most of whom 
were not critically ill at the time of serum pro- 
tein analysis.*' These results suggest that the 
fall in albumin concentration in the group of 
patients reported herein may be an indication 
of the degree of illness of these patients rather 
than a specific indication of arteriosclerosis itself. 


SEPTEMBER, 1956 


In seventeen cases of hypertension beta 


globulin was elevated in three patients, albumin 


concentration was 58 per cent in one case and 
gamma globulin was elevated to 22 per cent in 
another case. 

The mean values for concentration of protein 
fractions in eighteen cases of rheumatic heart 
disease are shown in Table v. The albumin is 
lowered to 60.9 per cent and there is a rise in 
all the globulin fractions which is appreciable 
only in the case of the gamma globulin with a 
mean value of 16.0 per cent: the total protein 
concentration is normal. The fall in albumin 
concentration and the rise in both gamma 
globulin and alpha, globulin concentration are 
highly significant statistically (p = <0.001). 
The increases in alpha and beta globulin con- 
centration are significant at the 1 per cent level, 
while total protein concentration is not sig- 
nificantly different from normal. The albumin 
concentration was below normal in five cases 
(lowest value 42 per cent) and gamma globulin 
concentration above normal in six cases. In 
addition, beta globulin was abnormally ele- 
vated in two cases and alpha, globulin in one 
case. 

In nine cases of thrombophlebitis alpha: 
globulin, with an average concentration of 
9.3 per cent, was elevated above the mean nor- 
mal value in all cases but one and elevated above 
the normal range in three cases. In addition, 
albumin concentration was decreased to 53 per 
cent in one instance and beta globulin increased 
in one instance. 

Respiratory Diseases. The average values for 
concentration of protein fractions in thirteen 
cases of bronchial asthma are shown in Table v1. 


* 


396 Filter Paper Electrophoresis of Serum Proteins—Jencks et al. 


TABLE VI 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH BRONCHIAL ASTHMA 
AND INFECTIOUS HEPATITIS 


No. of Albumin 


Persons (%) 

Bronchial asthma........ ge 13 63.3 

atandara Geviation............ 4.3 
Significance (p).......... 0.001 

Hematite... 24 67.4 


Alpha, Alpha, Beta Gamma ‘Total 
Globulin Globulin Globulin Globulin Protein 
(%) (%) (%) (%) (gm. /100 mi.) 
3.5 9 0 10.0 14.3 7.5 
1.9 2.6 7 
0 05 0 0 05 0 None 
6.6 | 14.2 7.5 


The decrease in albumin concentration to 
63.3 per cent is accompanied with an increase 
in the concentration of all globulin fractions, 
particularly the alpha, and gamma globulins. 
The changes in albumin and alpha» globulin 
are significant at the 0.1 per cent level, the 
gamma globulin at the 1 per cent level, and the 
alpha, and beta globulins at the 5 per cent 
level, while the total protein concentration is 
not significantly different from normal. Albumin 
concentration was abnormally low in_ three 
cases, alpha2 globulin was abnormally high in 
three cases, gamma globulin was elevated in 
two cases and alpha, globulin was above normal 
In one Case. 

In the nine cases of emphysema and fibrosis 
an alphas globulin concentration of 3.8 per cent 
was encountered once. 

Five cases of pneumothorax had normal 
patterns except for one case with an elevated 
alpha, globulin and one with an elevated alpha» 
globulin. 

Digestive System Diseases. Only three cases of 
cirrhosis of the liver were encountered. All three 
showed the typical pattern of decreased albumin 
concentration (40 per cent, 49 per cent and 
50 per cent) and two showed markedly elevated 
gamma globulins (both 31 per cent). One pa- 
tient had, in addition, an elevated beta globulin 
and only one of the three had a low total protein 
concentration (4.5 gm. per cent). The abnormal 
paper electrophoretic patterns of these three 
cases were easily discernible on inspection of 
the strip without scanning. 

A group of twenty-four cases of infectious 
hepatitis showed a small proportion of abnor- 
malities, probably because many of the cases 
represented patients in late stages of con- 
valescence who had been transferred from other 


hospitals. Five cases showed a typical increase 
in gamma_ globulin’ concentration to 17 to 
19 per cent while only one had a lowered albu- 
min (53 per cent). The total protein concentra- 
tion was elevated to 9.0 g@m./100 ml. in one 
case and was low in none. The mean concen- 
trations of the protein fractions in these cases 
are shown in Table v1. 

Serum from seventeen patients with duodenal 
ulcers showed an elevated alphas globulin in 


four cases, a lowered albumin in two cases, and 


an elevated alpha,, beta and gamma globulin 
fraction and total protein concentration in one 
case each. 

Of the nine cases with enteritis or colitis an 
elevated alpha» globulin was found in three 
cases and a decreased albumin in three cases. 
Elevated alpha; and gamma globulins were 
found in one case each. One case of ulcerative 
colitis with an albumin level of 50 per cent was 
included among the three with depressed albu- 
min levels. 

Genitourinary Diseases. Vive cases of glo- 
merulonephritis were studied. Two of these had 
elevated levels of beta globulin (15 per cent and 
17 per cent) and in all cases the beta globulin was 
above the mean normal value. The alpha» 
globulin was elevated to 12 per cent in one case 
and the albumin was decreased to 53 per cent 
in one case. The total protein concentration was 
below normal in two Cases. 

Among fifteen cases of renal and _ ureteral 
calculi alpha, globulin was increased in three 
instances and albumin concentration decreased 
in three instances. Beta globulin was increased in 
one case and total protein concentration was 
decreased in one case. 

In twenty-three cases of benign prostatic 
hypertrophy albumin concentration was de- 
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TABLE VII 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH DISEASES OF THE 
LOCOMOTOR SYSTEM 

| Alpha, Alpha, Beta Gamma Total 

Globulin | Globulin | Globulin Globulin Protein 
(%) | (%) (%) | (%) ml.) 

| | 

Rheumatoid arthritis............. 64.3 3.1 8.3 10.1 
Standard deviation... .. . 0.8 4.4 3.6 | 0.7 
Significance (p)..... 0 001 None 0.001 0.01 0.001 0.01 

Standard deviation. ..... 3.0 0.9 | 1.0 
Significance (p)............. | None None None None | None | 0.001 

TT 0.001 0.01 0.001 0.01 None None 

Herniated nucleus pulposus. ...... 34 67.9 2.6 aan 9.2 13.2 7.3 


creased in four cases, with values as low as 51 
per cent, and total protein concentration was 
decreased in one case. Alpha, globulin and beta 
globulin were each elevated in one case and 
alpha, globulin in two cases. 

Locomotor System Diseases. The mean values 
for distribution of protein fractions in a group of 
twenty-seven patients with rheumatoid arthritis 
are shown in Table vu. A rise in the mean 
gamma globulin concentration to 14.3 per cent 
is accompanied with a smaller rise in the other 
globulin fractions and a small drop in the con- 
centration of albumin to 64.3 per cent; the total 
protein concentration of 7.7 gm./100 ml. is 
above normal. The rise in gamma and alpha, 
globulins and the fall in albumin are highly 
significant at the 0.1 per cent level and the rise 
in beta globulin and total protein concentration 
are significant at the 1 per cent level; the change 
in alpha, globulin is not significant. In five 
cases gamma globulin was elevated above the 
normal range with values up to 20 per cent and 
in twenty of the twenty-seven cases it was greater 
than the mean normal value. The albumin con- 
centration was slightly below normal in six cases 
and the alpha, and beta globulin fractions were 
increased in three and two cases, respectively. 
In two cases total protein concentration was 
above normal. 

In marked contrast to the findings in the series 
of patients with rheumatoid arthritis a group of 
twelve patients with osteoarthritis presented no 
abnormality whatever in protein distribution 
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except for one case with an elevated alpha, 
globulin. In one case there was an elevated 
total protein concentration and in another this 
was decreased. The mean values for this group 
are also shown in Table vu. None of the values 
vary greatly from the normal except for the total 
protein concentration, which is significantly in- 
creased largely as a result of one very high value. 

The mean values for a group of thirty-four 
patients with herniated nucleus pulposus are 
shown in Table vu; there is no appreciable varia- 
tion from the normal levels. The individual 
analyses were all normal except for three in- 
stances of slightly elevated gamma globulin 
and one instance of elevated beta globulin con- 
centration. The total protein concentration was 
elevated in one case. 

The mean values for a group of thirty-four 
patients with fractures as a result of trauma are 
shown in Table vu. The average albumin con- 
centration of 65.7 per cent is slightly below nor- 
mal and the alpha, globulin concentration of 
8.6 per cent is above normal; both of these 
changes are, however, highly significant (p = 
<0.001). A smaller increase is seen in the alpha, 
and beta globulins (p = <0.01), while the 
gamma globulin and total protein concentrations 
are not significantly different from normal. In 
the individual analyses eight of the alpha, de- 
terminations were above the normal range of 
variation. The albumin concentration was 
slightly decreased in three cases and the beta 
globulin increased in one. 
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TABLE VII 
SERUM PROTEIN DISTRIBUTION AND CONCENTRATION IN PERSONS WITH MISCELLANEOUS DISEASES 


No. of Albumin 
Persons %) 
Standard deviation...... 3.9 
| 0.01 
32 | 68.5 
Miscellaneous congenital diseases. . . | 4] | 68.6 


Alpha, 


Globulin 


‘Total 
Protein 
(ym. /100 ml.) 


Alpha, Beta Gamma 
Globulin Globulin Globulin 


(%) (%) (%) (%) 


10.2 | 14.6 7.3 


0.8 0.8 1.6 3.5 0.8 
None None None 0.01 None 
2.8 | y fe 9.0 12.5 7.2 
2.8 7.3 9.2 11.0 7a 


In twenty-nine patients hospitalized with 
conditions resulting from recent trauma, largely 
sprains and dislocations, there were no abnor- 
malities except for one lowered albumin (57 per 
cent), one increased alphaz globulin (11 per 
cent) and one increased beta globulin (13 per 
cent) concentration. 

In a group of sixty-five cases of disorders of the 
locomotor system as a remote result of disease 
or trauma there were two patients with an ele- 
vated albumin concentration, three with a 
decreased albumin concentration, four with an 
elevated alpha, globulin concentration and one 
with a decreased alphaz globulin concentration. 

Dermatologic Conditions. In eleven cases of 
neurodermatitis disseminata there were two 
persons each with elevated gamma and alpha» 
globulin levels and one patient with an elevated 
beta globulin. Among ten cases of widespread 
infections of the skin albumin concentration was 
decreased to 58 per cent in one patient and 
beta and gamma globulins were each increased 
in one patient. In a group of twenty-four other 
patients with various dermatologic diseases two 
patients with psoriasis, three with atopic derma- 
titis and two with seborrheic dermatitis had 
normal electrophoretic patterns. Of five patients 
with dermatitis venenata one had an increased 
gamma globulin concentration of 19 per cent 
and one a slightly decreased albumin concentra- 
tion. One patient with erythema multiforme had 
a gamma globulin level of 20 per cent. 

Other Diseases. The only remarkable find- 
ing in a group of six cases of various types of 
anemia was a serum gamma globulin level of 
21 per cent in a patient with sickle cell disease. 
One patient with pernicious anemia had a 


normal protein distribution and three patients 
with hypochromic anemia were normal except 
for one lowered albumin (58 per cent) in a pa- 
tient who also had severe arteriosclerosis. 

Twelve cases of diabetes showed an essentially 
normal pattern except for a tendency toward 
elevation of the beta globulin fraction. This 
fraction was above the normal range in only two 
cases but the mean value of 10.9 per cent is 
significantly (p = <0.01) greater than normal. 
One case exhibited an albumin concentration 
of 59 per cent. 

Normal electrophoretic patterns were found 
in three cases of hypothyroidism, two cases of 
hyperthyroidism, two cases of acromegaly and 
one case of congenital hyperplasia of the 
adrenals. 

The mean values obtained in a group of eight 
cases of sarcoidosis are shown in Table vin. The 
small but significant (p = <0.01) rise in gamma 
globulin and fall in albumin accompanied with 
no appreciable change in the alpha, alphas and 
beta fractions are similar to the changes found by 
Seibert et al.** in a group of eleven cases, but of 
smaller magnitude, possibly because many of 
the cases reported herein had very localized 
disease. However, in the absence of a significant 
rise in the concentration of total protein in this 
group of cases, these data do not support the 
conclusion of these authors that analysis of serum 
proteins may be of value in the differential 
diagnosis of sarcoidosis and tuberculosis, with the 
possible exception of cases of markedly elevated 
alpha» globulin. The individual analyses in this 
group were all within normal limits except for 
two instances of an elevated gamma globulin 
concentration. All but one of the patients had 
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gamma globulin levels above the average normal 
values and all but one had albumin concentra- 
tions below the normal average. 

The mean values for protein distribution in a 
group of thirty-two patients with miscellaneous 
diseases of the eye are shown in Table vin. 
None of the values differ appreciably from nor- 
mal. All the individual values in this group were 
within normal limits except for one case with a 
lowered albumin concentration. Six cases of 
chorioretinitis included in this group were all 
normal. 


This group includes thirty-two cases of deaf-, 


ness which were not included in the group used 
to establish normal limits because of the presence 
of trauma or otosclerosis, which might have led 
to alterations in protein patterns. The mean 
values shown in Table vii for this group are 
essentially normal and indicate that no such 
alteration exists. [The individual analyses were 
all normal except for one case with an albumin 
concentration of 5° per cent. 

The forty-one cases of miscellaneous con- 
genital conditions represent a variety of con- 
genital anatomic defects, most of them minor. 
The mean values for protein distribution and 
total protein concentration for this group are 
given in Table vin and do not differ appreciably 
from the normal values. Individual analyses were 
normal except for two elevated beta globulin 
values, one each of elevated alpha; and gamma 
globulin values, and one increased and one de- 
creased total protein level. Five cases of coarcta- 
tion of the aorta included in this group had 
normal protein distributions. 

The normal mean values and the low inci- 
dence of abnormal patterns in these last three 
groups are of interest in that they suggest 
abnormalities found in other disease groups, 
even with a small number of cases, are indeed 
abnormalities and do not represent technical 
errors or random variation. 

Miscellaneous Diseases. Fifty-nine analyses 
were carried out on serum from patients with 
diseases of which only one to three representa- 
tive specimens were obtained, and only the 
results of particular interest will be reported 
here. Two cases of chondromalacia and one case 
each of Huntington’s chorea, multiple sclerosis, 
constitutional hyperbilirubinemia, acute chole- 
cystitis, acute polyneuritis, pancreatitis, alcoholic 
neuropathy, polyostotic fibrous dysplasia, ortho- 
static albuminuria and thrombocytopenic pur- 
pura all exhibited normal protein patterns. In 
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three cases of hydronephrosis there was one 
instance of a lowered albumin (46 per cent) and 
two increased beta globulin levels. One of two 
cases of lupus erythromatosus had a lowered 
albumin concentration (50 per cent), and one 
patient with uremia had markedly decreased 
albumin (35 per cent) and total protein (5.1 
gm./100 ml.) concentrations with an elevated 
gamma globulin level (39 per cent). One case of 
xanthomatosis had an elevated total protein 
concentration with a 17 per cent concentration 
of gamma globulin. One patient with Osgood- 
Schlatter’s disease had an elevated beta globulin 
(14.9 per cent), one with gout had a slightly 
elevated alpha, globulin (11 per cent), one with 
serum sickness had a low concentration of both 
albumin (49 per cent) and total protein (5.8 
gm. 100 ml.), and one with eosinophilic pneu- 
monitis had a slightly elevated alpha; globulin 
(5.7 per cent). One patient with hypogamma- 
globulinemia had a gamma globulin level of 
2.8 per cent with a normal concentration of the 
other fractions, and a case of nephrosis exhibited 
a typical pattern of markedly lowered albumin 
and gamma globulin (both 11 per cent with a 
total protein concentration of 2.9 gm./100 ml.) 
and elevated alpha» globulin (54 per cent). 

Obstetric Patients and Newborn Infants. Aside 
from blood specimens obtained from routine 
hospital admissions, analyses were carried out on 
a group of 325 specimens from obstetric patients, 
most of which were taken three days postpartum, 
and on a group of forty-one specimens from cord 
blood of newborn infants. A summary of the 
data obtained from these patients is given in 
Table rx. 

The mean values for concentrations of electro- 
phoretically separated protein fractions in the 
group of cord bloods are almost identical with 
normal adult values for albumin and alphas 
globulin, while the beta globulin (7.6 per cent) 
and alpha, globulin (2.5 per cent) are below the 
mean adult values and the gamma globulin of 
13.5 per cent is above the adult value. The total 
protein concentration of 5.7 gm./100 ml. is 
considerably below the adult figure so that 
absolute concentrations of all fractions, except 
possibly the gamma globulin, are lower than in 
the adult. It is likely that the comparatively 
low values for the alpha; and beta globulins 
may be accounted for at least partly by the low 
concentration of lipoproteins in the newborn 
infant.*° The differences from normal for the 
beta globulin, gamma globulin and total protein 
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TABLE IX 


SERUM PROTEIN DISTRIBUTION AND CONCENTRATION 


IN POSTPARTUM WOMEN AND NEWBORN INFANTS 


No. of | Albumin 
Persons (%) 
Standard deviation............ 
0.001 
Standard deviation............ 


Alpha, 
Globulin Globulin 


Total 
Protein 
(gm./100 mil.) 


Beta Gamma 
Globulin Globulin 


(%) (%) (%) (%) 


Alpha» 


5.0 11.0 12.7 6.6 
2.4 2.9 1.5 
0. 001 0.001 0. 001 0.01 0 OO} 
2.> 33.5 5.7 
0.7 0 4 2.8 8 
0.01 None 0 O01 0 OO 0 001 


values are highly significant statistically (p = 
<0.001); the decrease in alpha; globulin is 
significant at the 1 per cent level, while the 
albumin and alpha, globulins are not signifi- 
cantly different from normal. It is of some inter- 
est that the standard deviations for each protein 
fraction are smaller than the comparable stand- 
ard deviations in the adult group for all fractions 
except the gamma globulin. This indicates 
that the newborn infant has a more constant 
serum protein composition than the adult in all 
fractions except the gamma globulin, which is 
supposed to be composed partly of gamma 
globulins from the maternal blood and expected 
to be more variable. 

The general pattern of protein distribution in 
the group of postpartum women is similar to 
that reported by Coryell et al.'* in a study carried 
out on plasma with the moving boundary 
technic although the changes from normal in the 
present study are less marked than those reported 
by these authors. This is attributed to the differ- 
ences in the groups studied and/or differences in 
technics used to measure protein concentration. 
The beta globulin concentration of 18.3 per cent 
found with the moving boundary method, for 
instance, may be compared with the 13.7 per 
cent found with the paper electrophoretic 
technic in which the lipid of beta lipoprotein 
makes little contribution to the measured protein 
concentration. The albumin concentration and 
the total protein concentration are considerably 
decreased to 57.6 per cent and 6.6 gm. per 100 
ml., respectively, while the alpha;, alphaz and 
beta globulin fractions are elevated to 5.0, 11.0 
and 13.7 per cent, respectively. Although the 
gamma globulin concentration of 12.7 per cent 


is not very different from the normal value in 
terms of per cent, the lowered total protein con- 
centration indicates that absolute concentration 
of gamma globulin is below normal. All these 
changes are highly significant statistically (p = 
<0.001) except for the gamma globulin which is 
significant at the 1 per cent level. The standard 
deviations for all fractions are greater than those 
found in the normal group, indicating that the 
degree of variation in serum protein distribution 
in this group of patients is greater than normal. 

Only a small number of specimens from pa- 
tients with abnormal pregnancies were obtained. 
[n a group of ten patients with pre-eclampsia of 
varying degrees of severity only one grossly 
abnormal pattern was found in which the albu- 
min concentration was decreased to 44 per cent 
and the beta globulin concentration increased to 
24 per cent with a total protein concentration 
of 4.5 gm./100 ml. One diabetic patient had a 
normal pattern and one Kh-negative patient 
with a high antibody level on cortisone therapy 
had an albumin concentration of 51 per cent and 
a beta globulin of 18 per cent. 

Distribution of Abnormalities by Disease. A 
summary of the abnormal findings in serum 
protein distribution and concentration arranged 
by disease groups is given in Table x. The results 
obtained from newborn infants, postpartum 
women and the normal group are not included. 
This table represents the incidence and distribu- 
tion of serum protein abnormalities in a hospital 
population which is predominantly male and 
in the younger age group. It does not include 
patients with psychiatric disorders. 

The most common abnormality in protein 
distribution noted in this series of cases was a 
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‘TABLE X 
SIGNIFICANCE AND INCIDENCE OF ABNORMALITIES IN SERUM PROTEIN DISTRIBUTION AND CONCENTRATION 
IN A GROUP OF 965 PATIENTS 


Alburnin 


Total 
Protein 


Beta 
Globulin 


(;amima 
Globulin 


Alpha: 
Globulin 


Alpha, 
Globulin 


| | 
High Low High Low | High Low High Low High Low High Low 


No. of 
Persons 

Infecc 

Pulmonary tubere 22 

Other pulmonary infections 47 me 

Other intec troms 
Neoplasms 

Malhwenant 76 

Benign 3 
(Cardiovascular diseases 

Arterwsclerosis 

Kheumatic heart disease 18 

Cither 26 
Kespiratory diseases 

Bronchial asthma 

Chther 14 
Digestive system diseases 

Hepatitis 24 CO | 

( 3 

leers, enteritis, and the lke 26 
(,enitourmary diseases 

Caleuli, glomerulonephritis, benign prostatic 

hypertrophy 41 

Locomotor diseases 

Kheurmatomd arthrites »7 

€ steoarthrites 12 

Ohher mechanical and conditions 162 2 
Dermatologic comcditrons 45 
(ither diseases 

diseases 20 

Ocular diseases 42 

Deal mess 

Miscellancous congenital diseases 4) 

ecllanecous diseases 67 

leotal 165 


3 a 5 3 
12 | 2 
5 10 2 2 2 
2 2 2 1 
] 2 6 
3 4 ] 
ae 3 2 
] 
5 1 
| 1 | 2 
2 7 l 2 ] 
] 6 4 5 
3 2 5 2 
13 3 1 
] 4 2 6 
2 
2 
; ] ; 4 4 2 3 2 
26 2 104 6 35 1 60 4 14 27 


decrease in albumin concentration, which was 
observed in 143 of the 965 cases studied. A 
second common abnormality was an elevation 
of the alpha, globulin, which occurred in 104 
cases, followed by an increase in gamma globu- 
lin in sixty cases. Increased levels of beta globulin 
and alpha, globulin occurred rarely, with only 
thirty-five and twenty-six instances, respectively. 
Elevated concentrations of albumin and lowered 
concentrations of individual globulin fractions 
were unusual and probably represented random 
variation in most instances. Abnormalities in the 
concentration of total protein were much less 
common than abnormalities in protein distribu- 
tion, occurring in only forty-one instances. 

The 321 cases of malignant disease, arterio- 
sclerotic cardiovascular disease and infectious 
disease account for the major portion (eighty- 
three) of lowered albumin levels, with tuber- 
culosis and arteriosclerosis showing nearly a 
50 per cent incidence of this abnormality. 
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Patients with cirrhosis of the liver, nephrosis and 
multiple myeloma, although rare in this series, 
all had lowered albumin levels, and the cases of 
rheumatoid arthritis and rheumatic heart 
disease made a significant contribution to this 
group. 

The patients with an elevated alpha: globulin 
were fairly widely distributed but in general 
followed the expected pattern of increased fre- 
quency in diseases involving tissue inflammation 
and destruction. By far the most common cause 
of this abnormality was infectious disease, the 
187 cases of which accounted for thirty-nine 
instances. It was also frequently found in asso- 
ciation with malignancy, ulcers and inflamma- 
tion of the intestinal system, fractures and arteri- 
osclerotic disease, although much less frequent 
in the last condition than a decreased albumin 
concentration. The one case of nephrosis had a 
markedly elevated alphag globulin. 

An elevation in gamma globulin was most fre- 
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quently associated with long-standing infections 
in which one might expect an elevated antibody 
level (but was much less common in this group 
than either an elevated alpha, globulin or 
lowered albumin concentration) and was also 
frequently observed in rheumatic heart disease, 
infectious hepatitis, cirrhosis, rheumatoid ar- 
thritis, dermatologic conditions and malignancy. 
A lowered gamma _ globulin appeared to 
be of significance only in the single case of 
hypogammaglobulinemia. 

Increased levels of beta and alpha, globulin 
were quite widely scattered and appeared to be 
of little diagnostic significance. It is of some 
interest that the beta globulin fraction was 
elevated in only two of the fifty-eight cases of 
arteriosclerosis. Changes in concentration of total 
protein were also widely scattered and were of 
diagnostic significance in only a comparatively 
few instances, such as multiple myeloma and 
nephrosis. 

Detection of Abnormalities by Inspection of the 
Stained Paper Strips. At would be of value for 
some clinical purposes if abnormalities in the 
concentration of protein fractions could be 
detected by simple inspection of stained strips 
without resorting to scanning or elution of dye. 

To test the accuracy of such a procedure the 
numbered strips from this series of determina- 
tions (not including the obstetric cases) were 
examined by an observer with no knowledge of 
the diagnoses or results of scanning for each 
strip. The results of his observations were then 
compared with the results obtained by scanning 
the same strip. Such a comparison indicated 
that an albumin concentration which appeared 
to be abnormally low on inspection was actually 
below normal in only 50 per cent of the cases 
although an apparently elevated gamma globu- 
lin concentration was actually elevated in 90 per 
cent of the cases. Conversely, about two- 
thirds of the actually lowered albumin fractions 
but only one-quarter of the actually elevated 
gamma globulin fractions were detected by 
inspection. The results with other globulin 
fractions were even less satisfactory. It was 
concluded that while grossly abnormal patterns 
could be correctly identified by inspection, such 
a procedure was inaccurate in detecting moder- 
ate deviations from normal and provided con- 
siderably less information than the quantitative 
procedure. 

Lipoprotein Patterns. Although no quantitative 
evaluation of serum lipoprotein distribution was 


attempted in this study, a qualitative estimate of 
gross abnormalities of lipoprotein concentration 
and distribution was attempted. Strips on which 
0.02 ml. of serum had been separated and 
stained with the lipid dye oil red 0*° were coded 
by number and examined by an observer who 
had no knowledge of the diagnosis relating to 
each specimen. Apparent abnormalities, usually 
elevated beta lipoprotein or decreased alpha 
lipoprotein, were noted in this way in about 
10 per cent of the patterns in both the control 
series and the group of ill patients. Markedly 
increased beta lipoprotein concentrations were 
evident in three cases of glomerulonephritis 
which also exhibited an elevated beta globulin 
level in the protein pattern, and in one case of 
xanthomatosis. In addition, a clearly split beta 
lipoprotein peak was observed in one pattern 
obtained from a presumably normal pregnant 
woman. In general, the qualitative analysis of 
serum proteins by this method appeared to pro- 
vide little information and to be of value only in 
a few Cases. 


COMMENTS 


The information of significance in the diag- 
nosis and treatment of disease obtained from 
electrophoretic analysis of serum may be divided 
into two categories. First, information about the 
state of disturbed physiology reflected in abnor- 
malities in the serum protein pattern and which 
may be of value in the estimation of prognosis, 
severity or type of disease. Second, more specific 
but also more empiric diagnostic information as 
to the particular disease or group of diseases 
likely to be associated with a certain type of 
abnormal protein distribution. 

The type of abnormality included in the first 
group is by far the more common. The most 
frequent abnormality of this kind is a decrease in 
albumin concentration noted in 143 cases in the 
present series, not including the postpartum 
women and which occurs frequently in associa- 
tion with disease of a generalized and fairly 
severe nature. The cause of this abnormality 
is unknown except for those cases in which the 
ability of the liver to synthesize albumin has been 
impaired or in which there is a considerable loss 
of albumin in the urine. The rise in alpha» 
globulin which is often observed in association 
with inflammation and tissue destruction ap- 
pears to be largely due to an increase in the 
concentration of glycoproteins,** although little 
is known about the mechanism or physiologic 
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significance of this increase. Abnormalities in 
these two serum protein fractions may serve 
as indications of the severity of disease in the 
same way as the erythrocyte sedimentation rate 
and the body temperature. A correlation of these 
abnormalities with the sedimentation rate has 
been found by Shedlovsky and Scudder.* It is 
noteworthy that a fall in albumin concentration 
accompanied with a rise in alpha globulin level 
is not always evident from the results of a 
routine salt fractionation determination of 
serum albumin since most of the alpha globulins 
are left in solution with ‘this technic and meas- 
ured along with the albumin fraction. 

The gamma globulin fraction is most fre- 
quently elevated in chronic infections, connec- 
tive tissue diseases and certain liver diseases. 
Although the elevation of this fraction may be 
ascribed in part to the formation of antibodies 
in infections and possibly in some other condi- 
tions, its significance remains controversial in the 
latter group. The beta globulin fraction contains 
the beta lipoprotein(s) and an increase in this 
fraction may indicate an increased lipoprotein 
concentration. Some of the conditions with a 
greatly elevated concentration of serum lipids, 
such as nephrosis, have the majority of lipid in a 
lipoprotein with the mobility of an alphas 
globulin. Whether this represents an entirely 
different lipoprotein from the normal beta 
lipoprotein, or is merely a beta lipoprotein of 
slightly altered composition which moves with a 
greater mobility than normal, is at present unde- 
termined. Although abnormalities of this kind 
are relatively non-specific, they may neverthe- 
less be of considerable value as indicators of the 
severity of disease and even of the diagnosis in 
such conditions as malignancy, arteriosclerosis, 
generalized or chronic infection, rheumatoid ar- 
thritis (versus osteoarthritis) and rheumatic fever. 

The second group of abnormalities includes 
those protein distribution patterns of more 
specific value in diagnosis. There are only a few 
diseases in which the electrophoretic pattern 
alone has been virtually pathognomonic; the 
abnormal patterns found in multiple myeloma, 
the nephrotic syndrome and hypogammaglobu- 
linemia, are well known. There are a larger 
number of diseases including hepatitis, cirrhosis 
of the liver, tuberculosis, sarcoidosis, kala-azar 
and lymphogranuloma venereum in which the 
electrophoretic pattern, while not diagnostic by 
itself, is characteristically altered and may be 
highly suggestive of the diagnosis. 
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The determination of serum protein distribu- 
tion by means of paper electrophoresis and dye 
binding represents a compromise between the 
simple but relatively imprecise and non-specific 
salt fractionation procedures used for routine 
albumin-globulin determinations, and the tech- 
nically difficult but more precise determination 
of protein distribution in terms of refractive 
index increment by moving boundary electro- 
phoresis. The salt fractionation technic has long 
been known to provide an incomplete separation 
between albumin and globulins and to be sub- 
ject to errors and difficulties of interpretation 
because of such problems as adsorption of pro- 
tein during filtration and variations in degree 
of precipitation, particularly with abnormal 
serum.'' The moving boundary technic, on the 
other hand, while capable of giving excellent 
results is seriously limited in its application be- 
cause of the time and equipment required for 
each analysis. It is further subject to difficulties 
in interpretation due to boundary anomalies, 
turbidity and interaction between proteins. The 
salt fractionation and moving boundary technics 
generally do not give results which are readily 
comparable to each other or to the paper electro- 
phoresis technic. This is partly due to differences 
in the separations obtained with the various 
methods but would be noted even with identical 
separations because of the different units used 
to measure and express protein concentration 
in each case. The paper electrophoretic technic 
has the disadvantages of albumin tailing and 
use of a method for determination of protein con- 
centration which is primarily dependent on the 
concentration of free amino groups in the de- 
natured proteins'’ rather than the more familiar 
refractive index increment (which measures 
protein-bound lipid and carbohydrate as well), 
nitrogen or biuret value. It is for this reason that 
the normal values for albumin are _ higher 
when measured by the dye binding method than 
by the moving boundary technic, although they 
happen to agree closely with the values obtained 
by Gutman et al. with the salt fractionation 
method.'! In addition, the deviation from linear- 
ity in the relationship between optical density 
and dye concentration on paper gives rise to the 
possibility of error in individual determinations 
if the albumin band is of markedly different 
shape from the albumin bands used to prepare 
the standard curve from which the correction 
factor is calculated. This has not been a source 
of serious error in our hands and can be avoided 
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by determination of dye binding by elution 
rather than direct scanning. When _ properly 
controlled, the paper electrophoretic technic 
provides quantitative results of sufficient ac- 
curacy for most purposes and has the advantages 
of simplicity and of providing a_ clear-cut 
separation of the five major electrophoretic 
fractions of serum. 


SUMMARY 


1. The results obtained by paper electro- 


' phoretic analysis of the serum protein distribu- 


tion of 1,516 admissions to an army general 
hospital are described. The differences between 
results obtained by paper electrophoresis and 
by moving boundary electrophoresis, and the 
reasons for these differences are discussed briefly. 

2. Infections (particularly tuberculosis), ma- 
lignant neoplasms, arteriosclerosis, rheumatic 
heart disease, hepatitis, cirrhosis, rheumatoid 
arthritis and sarcoidosis were most frequently 
associated with abnormalities in serum protein 
distribution. 

3. ‘The most repeated abnormality in this 
series of cases was a decrease in the serum 
albumin concentration, followed by elevation 
of the alphas globulin, gamma globulin, beta 
globulin and alpha, globulin. Increased levels of 
albumin and decreased levels of the serum 
globulins occurred rarely. 

4. The serum protein distributions of 325 
women and of forty-one newborn infants are 
described. 

5. The results of paper electrophoretic analy- 
sis of the serum proteins may be pathognomonic 
for multiple myeloma, nephrosis and hypo- 
gammaglobulinemia, and useful in the diagnosis 
of hepatitis, cirrhosis, tuberculosis, sarcoidosis, 
kala-azar and lymphogranuloma venereum. 
In addition, information may be obtained 
regarding the state of disturbed physiology, the 
activity and, occasionally, the diagnosis in such 
conditions as rheumatoid arthritis, rheumatic 
fever, malignancy, sequelae of arteriosclerosis 
and infectious diseases. 
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Seminar on Diseases of the Pancreas 


Cystic Fibrosis of the Pancreas’ 


PauL A. pi SANT’ AGNESE, M.D. 


New York, New York 


ysTic fibrosis of the pancreas is a generalized, 
. hereditary disease of children due to dys- 
function of exocrine glands. It is characterized 
clinically in most instances by the combination 
of symptoms of pancreatic insufficiency and 
chronic pulmonary disease. However, gradation 
in or absence of involvement of the various 
organs or glandular systems affected (pancreas, 


lungs, liver, sweat glands) is characteristic of 


this disorder and leads to variations in the 
clinical picture according to the area predomi- 
nantly involved. 

Involvement of mucous glands (Table 1, Fig. 
1D, 1E and 1F) throughout the body (intestinal, 
genitourinary tract and others) is occasionally 
found at autopsy but there are no recognized 
symptoms. Pathologically there is accumulation 
of what has been interpreted as abnormal mucus 
leading to dilatation of the secretory glands. 
Obstruction of the main passages of the pancreas, 
liver, lungs and small intestine, presumably by 
abnormal secretions, gives rise to the most 
striking clinical manifestations. No _ histologic 
changes are found in non-mucus-secreting glands 
(Table 1), although sweat has a markedly in- 
creased concentration of electrolytes and the 
parotid secretory rate is abnormal. Massive salt 
depletion through sweat in hot weather may lead 
to serious Consequences, at times to death. 

Cystic fibrosis of the pancreas is a relatively 
recently recognized condition. In 1936 Fanconi' 
described three cases and gave the disease its 
name. He recognized the association in these 
patients of the symptoms of pancreatic deficiency 
with chronic pulmonary disease. This paper, 
however, did not attract much attention and it 


was not until Andersen’s* description in 1938 of 


forty-nine cases, gathered from the autopsy files 
of Babies Hospital in New York and from the 


world literature, that interest in the condition 
was aroused. In the same year two smaller series 
of patients were reported by Blackfan and May* 
in Boston and by Harper* in Australia. The 
pathologic lesions in the pancreas attracted the 
attention of the early investigators and gave the 
disease its name. 

Prior to 1938 the diagnosis of cystic fibrosis had 
never been made from clinical evidence; the 
majority of patients died of bronchopneumonia, 
the basic disease having been unrecognized. In a 
smaller number the predominant symptoms of 
malabsorption led to the suspicion of celiac 
disease. In recent vears, with the advent of effec- 
tive antibiotic agents and with greater awareness 
of the disease and its clinical variations, an in- 
creasingly large number of such patients ts seen 
in pediatric centers in this country and abroad. 

Fibrocystic disease of the pancreas is not a rare 
disorder. In the seventeen years from 193° 
through May 1956, 397 cases have been seen at 
Babies Hospital. Other clinics in this country 
and abroad have each observed several hundred 
cases. A review of the necropsy files in this and 
other institutions’? has revealed that 2 to 4 per 
cent of patients subjected to autopsy in the pedi- 
atric age group suffered from this disease. The 
incidence in the general population has been 
estimated by Andersen® as being 1.9 per 1,000 
live births based on an autopsy rate of 3 per cent 
in relation to the vital statistics of New York City. 
Since this condition is familial and thought gen- 
erally to be transmitted as a recessive trait,*~* as 
many as 2 to 18 per cent of the population may 
harbor the specific gene.’ 

Cystic fibrosis has striking racial predilections. 
It occurs equally in all groups of the white race 
and has been recognized in widely separated 
countries. It is rare in Negroes and has never 


* From the Department of Pediatrics, College of Physicians and Surgeons, Columbia University, and The Babies 
Hospital. Supported by grants of the Nutrition Foundation, of the Corning Fund for Medical Research, and of the Na- 


tional Cystic Fibrosis Research Foundation. 
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TABLE 1 
CYSTIC FIBROSIS OF THE PANCREAS 
Unknown Basic Defect 


DYSFUNCTION OF EXOCRINE GLANDS* 


MUCUS-PRODUCING GLANDS 


Pathologic lesions 


NON-MUCUS-PRODUCING GLANDS 


' 


present No pathologic changes 
Abnormal f 
secretions (?) leading Increased Increased electrolyte 
to obstruction of: secretory concentration 
rate 
| 
SMALL PANCREATIC BILE. BRONCHI 
INTESTINE DUCTS DUCTULES 
(by inspissated | PAROTID SWEAT 
meconium) GLANDS (;LANDS 
Secondary Focal Bronchial | | 
degeneration biliary obstruction No clinical 
of exocrine fibrosis manifestations 
parenchyma with 
of pancreas concretions 
Pancreatic Multlobular Generalized Massive 
Intestinal achylia biliary obstructive salt 
obstruction cirrhosis emphysema depletion 
in newborns 
(meconium 
ileus) Malabsorption Portal Chronic Cardio- 
syndrome hypertension broncho- vascular 
pneumonia collapse 


* Salivary glands also show an increased electrolyte concentration,®® but have been omitted from the table for 


clarity as they are mixed (mucus and non-mucus-producing) glands. 
t The presence of an abnormal mucoprotein has been shown in duodenal fluid of patients with cystic fibrosis of 


the pancreas. ** 


been reported in Mongolians. Only two of the 
397 patients at Babies hospital are Negroes. 

Finally it should be stated that fibrocystic 
disease of the pancreas accounts in the pediatric 
age group for virtually all cases of pancreatic 
insufficiency, for the majority of those with 
chronic pulmonary disease and for a third of 
children with cirrhosis of the liver and portal 
hypertension. 

Several monographs and review articles 
have appeared in recent times by Bodian,°® 
May,’ Shwachman and his collaborators’ 
and others.'! While they all cover both clinical 
and anatomic aspects of the disease, the pathol- 
ogy is especially well illustrated by Bodian.°® 
No effort will be made in this article to review 
all of the papers on cystic fibrosis of the pancreas. 
Reference will be made only to articles of special 
interest in connection with aspects of the disorder 
herein considered. 
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INVOLVEMENT OF THE DIGESTIVE SYSTEM 


PANCREAS. Pathology: On microscopic ex- 
amination of the pancreas masses of amorphous 
eosinophilic material are seen obstructing the 
lumen of acini and ducts (Fig. 1B), many of 
which are so distended as to have a cystic 
appearance. Connective tissue is prominent be- 
cause of replacement fibrosis and condensation 
of the framework of this organ secondary to 
atrophy and disappearance of parenchymal cells. 
Inflammatory changes are prominent in some 
cases. The islands of Langerhans are normal. 
These findings are quite similar to those seen in 
experimental animals after ligation of the 
ducts. 

An important feature of the pancreatic lesion 
is its progressive nature. The first observable 
histologic findings in the pancreas are obstruc- 
tion of an occasional ductule with retention of 
secretion in the acini which feed into it. (Fig. 


Fic. 1A. Pancreas of patient. who 
died at four months; early stage of 
lesions. Mild intra- and interlobular 
fibrosis; ducts and a few acini are 
plugged by inspissated and at times 
laminated secretions; mild leukocytic 


Fic. 1B. Pancreas of patient who 
died at one year and two months; 
lesions in advanced stage. Large 
calcified concretion; almost com- 
plete disappearance of acini. 
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Fic. 1C. Pancreas of patient who 
died at nine and a half years; late 
stage. Total atrophy of exocrine 
parenchyma with persistence of 
groups of islands of Langerhans; 
marked lipomatosis and slight fibro- 


infiltration. 


Fic. 1D. Duodenum of patient who 
died at nine and a half years. Brun- 
ner’s glands and ducts are distended 
by an exaggerated amount of secre- 
tion. 


Fic. 1E. Trachea of patient who 
died at six months. Dense eosinophilic 
concretion obstructs the duct of a 
tracheal gland; acute tracheitis. 
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Fic. 1F. Cystic duct of patient who 
died at two and a half years. All 
structures are distended by cosino- 
philic material and the ductal lumen 
is narrow; there is periductal fibrosis. 
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Fic. 2A. Autopsy specimen; focal 
biliary cirrhosis with concretions 
in a large subcapsular portal space. 
Note the thickened, depressed cap- 
sule, bile duct proliferation, plug- 
ging of the cholangioles with con- 


—# 
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Fic. 2B. Autopsy specimen; two 
large foci of biliary cirrhosis merge 
and a group of four lobules is en- 
circled by fibrous strands extending 
from the main foci. Superimposed 
portal changes are present. (From 


Fic. 2C. Biopsy specimen of liver; 
a focus of marked bile duct prolif- 
eration with regenerated lobules; 
many ducts contain eosinophilic 
concretions (dark spots with 
hematoxylin and eosin stain). 


cretions, interstitial inflammation 
and fibrosis. (From di Sant’ Agnese 
and Blanc.'') 


LA.) These changes extend and increase in sever- 
ity so that on pathologic examination two or 
three years after onset of the process little is 
found except cysts, fibrous tissue and fat (Fig. 
1), with normal looking islands of Langerhans 
among the rests of pancreatic tissue. 

In most patients initial pathologic lesions and 
pancreatic achylia are present at birth but in 
some patients involvement of this gland, not 
present at first, may appear later.'®!* Even in 
those infants in whom the lesions in the pancreas 
are found at birth, the process must have 
initiated in the latter months of fetal life, as the 
morphology of the gland is otherwise normal. 

Physiopathologie and clinical consequences of pan- 
create deficiency: Absence of all three pan- 
creatic enzymes, trypsin, lipase and amylase, 
leads to impaired absorption of foodstuffs. As a 
consequence large amounts of fat and nitrogen 
are present in the stools, as repeatedly shown 
in metabolic studies.':'*~'? Digestion of complex 
carbohydrates is affected to a lesser extent. 
Although marked differences occur in the 
degree of steatorrhea and azotorrhea among 
various patients and in the same patient at 
various times, as much as 50 per cent or more of 
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di Sant’ Agnese and Blanc.*') 


The insert shows a high power 
view of the concretions (peri- 
odic acid-Schiff stain). (From di 
Sant’ Agnese and Blanc.*') 


ingested fat and protein may be recovered in the 
stools. The feces are bulky, greasy and extremely 
foul. Because of the loss of so many ingested 
calories the appetite is frequently excessive but, 
despite an adequate intake, malnutrition with 
retardation in growth and development is an al- 
most constant feature. 

While steatorrhea is marked, balance studies 
by Chung and his collaborators’ have shown 
that fat absorption remains proportional to fat 
intake even at high intake levels. These investi- 
gators claim that high dietary fat intake in pa- 
tients with cystic fibrosis of the pancreas exerts 
no deleterious effect, an opinion which is in 
marked contrast with that stated earlier by 
Andersen" and still held by her. Several groups 
have studied the influence of lack of pancreatic 
lipase on absorption of fats by means of the rise in 
serum vitamin A levels after oral administration 
of a test dose of the vitamin. '*~*! While esterified 
vitamin A, naturally occurring in fish liver oils, 
was poorly absorbed, when the compound was 
administered in the form of the free alcohol, 
the rise in serum levels of vitamin A was normal. 
May and Lowe*! have also shown that finely 
emulsified vitamin A esters are well absorbed by 
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patients with fibrocystic disease, a fact which 
would be in agreement with Frazer's “‘partition 
hypothesis” of fat absorption. While only 
neutral fats would be expected to appear in the 
stools of such patients, at times a considerable 
amount of fecal lipid is found in the form of fatty 
acids. Lipolytic activity of bacteria in the colon 
has been offered as an explanation.'* However, 
_an additional factor may be involved. In admin- 
istering lipiodol orally and measuring urinary 
excretion of iodine as an indication of splitting 
of the neutral fat in this compound, Grossman** 
found that in more than half of the patients with 
cystic fibrosis neutral fats break down to fatty 
acids despite the absence of pancreatic lipase. 

Azotorrhea is marked in patients with cystic 
fibrosis, as it is in other disorders characterized 
by involvement of the pancreas.**** Increased 
stool nitrogen, a constant finding in balance 
studies, has been shown by the administration of 
test meals containing I-131-labeled casein*’ to 
derive from the diet rather than from secretions 
delivered into the alimentary tract. However, 
nitrogen balance is positive in most patients with 
fibrocystic disease,'®'® presumably because 
growth is taking place,** although at a slow rate, 
and because of increased dietary protein intake. 
In contrast to the poor absorption of dietary 
protein, the absorption of amino acids is un- 
impaired. This difference has been utilized in 
arriving at a diagnosis. 

Balance studies indicate that the addition of 
pancreatic extracts has a definite although slight 
effect in improving fat and nitrogen absorp- 
tion.'*~'® ‘This contrasts with the marked im- 
provement in the vitamin A absorption test*! 
and in the absorption of casein*’ after addition of 
pancreatin to the test meal. 

Complex carbohydrates are not found in the 
stools in large amounts.'* No demonstrable im- 
pairment occurs in intestinal absorption of sim- 
ple sugars, and the oral glucose tolerance test 1s 
usually normal.*? 

Loss of inorganic ions in the feces is great 
but is not manifested clinically, presumably 
because of the compensatory effect of the large 
amount of food ingested by such patients with its 
incidental electrolyte content. Also no ewdence 
of deficiency of the water-soluble vitamins 1s 
present. However, the great loss of some of the 
lipo-soluble vitamins with steatorrhea may give 
rise to serious clinical manifestations. Vitamin A 
deficiency in the form of xerophthalmia or 
hyperkeratosis of the epithelium was not uncom- 
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mon in patients with cystic fibrosis in the past, 
but is rarely seen at the present time with our 
improved knowledge of the dietary requirements 
in this condition. Bleeding and _ prolonged 
prothrombin time secondary to vitamin K de- 
ficiency are still seen occasionally. Recent 
Nitowski, Gordon and lildon** have shown by 
determination of serum levels that vitamin EF 
is frequently deficient in patients with cystic 
fibrosis, giving rise to marked creatinuria which 
ceases after administration of this factor. In 
contrast, rickets due to deficiency of vitamin D is 
exceedingly rare in patients with cystic fibrosis. 
Lack of growth has been repeatedly cited as the 
reason for this immunity but it actually provides 
an unsatisfactory explanation since growth in 
this disease is usually only retarded and at umes 
may be almost normal, even in the face of 
marked steatorrhea. 

Rare occurrence of diabetes mellitus: Just as in ex- 
perimental dogs in which the pancreatic ducts 
are ligated,'* in patients with cystic fibrosis 
the endocrine function of the pancreas ts gen- 
erally not affected. Diabetes mellitus, while 
rare, does occasionally occur. In this clinic we 
have encountered only one such case in 397 
patients. Others have had similar experience.” 
As in adults having undergone total pancreatec- 
tomy ** or with chronic recurrent pancreatitis, the 
diabetes is mild. In the one patient sull living 
who was observed by the author, the pancreas 
was unmistakably visualized by fine calcifica- 
tions upon roentgenographic examination of the 
abdomen. Calcifications are found in this organ 
on pathologic examination (Fig. 1B) but in the 
author’s experience have never been of sufficient 
size to be visible roentgenographically, with this 
one excepuon. With the amount of fibrous tissue 
present and its inevitable crowding of the islands 
of Langerhans, it is surprising that diabetes mel- 
litus is not encountered more frequently. 

Normal or partial pancreatic function: All the 
clinical and pathologic observations summarized 
thus far apply to patients with cystic fibrosis and 
pancreatic achylia. In the past, pancreatic 
deficiency was considered the basic defect in this 
disorder and the diagnosis of fibrocystic disease 
was withheld unless absence of pancreatic 
enzymes could be demonstrated. With the 
advent of the “sweat test’ the situation has 
changed and it is now possible to confirm what 
had previously only been suspected.**:** Clinical, 
metabolic and pathologic data were presented 
by this author in 1955'* showing that there 
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are some patients with this disease in whom no 
pancreatic involvement occurs but who present 
other features of the disorder, particularly the 
characteristic abnormality in the sweat electro- 
lvte pattern. The same studies showed that in 
patients in whom pancreatic function is normal 
pancreatic achylia may later develop and that in 
some instances pancreatic function is still present 
but depressed. It is estimated’ that 10 per cent 
of patients with fibrocystic disease have either 
normal or partially preserved pancreatic function. 

Patients with cystic fibrosis who have nor- 
mal pancreatic function, as might be expected, 
do not have any of the clinical manifestations 
consequent upon absence of pancreatic enzymes, 
namely, malnutrition, retardation in growth, 
excessive appetite and abnormal stools. If the 
pancreas is still functioning but to a reduced 
degree, these symptoms are present to a variable 
degree. 

The implications as to the laboratory tests 
dependent upon pancreatic function are also 
clear. The presence of normal amounts of pan- 
creatic enzymes on duodenal assay, the absence 
of steatorrhea or azotorrhea, or a normal 
vitamin A absorption curve do not per se negate 
the diagnosis. 

LIVER. The occasional finding at autopsy of 
localized foci of biliary obstruction and fibrosis 
was recognized from the first descriptions of 
cystic fibrosis of the pancreas.***~** Only re- 
cently has it been realized, however, that such 
initial lesions of the liver are common?® and at 
tunes lead to severe clinical manifestations 
which may dominate the clinical picture.*! 

Pathology: Changes have been found in the 
liver at necropsy as early as three days of life 
but appear to become more common and more 
extensive with advancing age. On inspection of 
the capsule the initial lesion is seen as a varying 
degree of pitting, corresponding to small, 
stellate, depressed cirrhotic foci. Microscopically 
(Fig. 2A), bile ductules are plugged with concre- 
tions of amorphous cosinophilic material and are 
surrounded by an area of fibrosis, biliary prolifer- 
ation and inflammatory reaction. Bile staining is 
not marked. The nature of the concretions is not 
clear but they show a morphologic and histo- 
chemical resemblance to those in the pancreas. 
Both may be interpreted as resulting from in- 
spissated secretions. I heir presence is character- 
istic and diagnostic of fibrocystic disease of the 
pancreas. The designation focal biliary cirrhosis 
with concretions has been given to this first stage 
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of the process. Similar lesions have been found in 
25 per cent of cases in two autopsy series and in 
virtually all of the patients more recently 
examined.°**! 

With time multiple foci emerge. Diffuse porta! 
changes take place. Multiple lobules are en- 
circled and trapped by the fibrotic process. 
(Fig. 2B.) As fibrosis becomes more extensive, 
the architecture of the liver is destroved and the 
original foci of concretions may on occasion 
even disappear. Because of the focal character of 
the initial lesions, damage proceeds irregularly, 
and areas of preserved lobular pattern are found 
adjacent to massive foci of bile duct proliferation 
with fibrosis. Always characteristic is the limited 
bile stasis. The term multilobular biliary cirrho- 
sis with concretions (Fig. 2C) has been used to 
indicate the distinctive character of this process.*' 

Only at this late stage is the spleen enlarged. 
It shows the chronic passive congestion with 
pulp cord fibrosis seen in portal hypertension. 

Clinical manifestations: The lesions of focal 
biliary cirrhosis give rise to no clinical manifesta- 
tions even when extensive. Only in patients in 
whom progression to the diffuse type of multi- 
lobular biliary cirrhosis occurs does the liver 
become hard and nodular. After a varying 
length of time, a few months or a few years, 
distortion and remodeling of the parenchyma of 
the liver is such that portal hypertension eventu- 
ally develops.*' It is only at this stage that the 
condition becomes clinically manifest with the 
appearance of hepatosplenomegaly, hypersplen- 
ism, gastrointestinal bleeding or ascites, or a 
combination of the three. Liver function tests 
may give abnormal results at this time, but 
characteristic of this process is the absence or 
only slight degree of icterus. 

Etiology and incidence: The histologic appearance 
suggests that the cycle is initiated by primary 
mechanical obstruction of bile ductules by what 
appear to be inspissated secretions, an expression 
presumably of the abnormality of many secretory 
products in this generalized disease. While focal 
biliary cirrhosis is a comimon postmortem obser- 
vation in patients with fibrocystic disease, 
diffuse multilobular biliary cirrhosis with clinical 
manifestations is rare. The author has seen only 
seven such patients in the present series of 397 
cases, accounting, however, for one-third of 
children with portal hypertension.*! What, then, 
triggers the passage from one type of hepatic 
lesion to the other? 

As shown in recent studies*' it is difficult to 
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incriminate any single factor in the elicitation of 
this response. It may reasonably be postulated 
that added infection (for example, infectious 
hepatitis) or nutritional insult or possibly other 
noxious agents (continued antibiotic therapy, 
ascending cholangitis, and the like) might cause 
an adverse response on the part of the liver which 
is already basically abnormal. R 

Fatty degeneration of the liver, not uncom- 
monly seen in the past in patients with cystic 
fibrosis, is now seldom encountered, presumably, 
because of improved knowledge of the dietary 
requirements of such children. It should be kept 
in mind that in fibrocystic disease only the 
exocrine portion of the pancreas is non-func- 
tional, but judging from the nutritional status of 
patients and from autopsy material there is no 
reason to believe that lipocaic, choline, methio- 
nine or other specific therapy is needed to 
prevent fatty deposits in the liver. These agents 
are required for the welfare of experimental 
pancreatectomized dogs and sometimes for 
patients who have been subjected to total 
pancreatectomy.*° 

[It is recognized in other situations** that a 
relation exists between the non-functioning 
pancreas and abnormalities in the liver. How- 
ever, 1t is important to realize that in persons 
with cystic fibrosis the liver may at times be 
affected even if pancreatic function is normal.*! 
A definite relationship between involvement of 
the two organs is not clear, therefore, and it can 
be argued that hepatic and pancreatic changes 
are independent of each other and represent an 
expression of the unknown generalized basic 
defect. 

MECONIUM ILEUS. At birth in from 10 to 
15 per cent of all patients with cystic fibrosis of 
the pancreas signs of obstruction of the small 
intestine are shown by thick, tenacious meco- 
nium, the so-called meconium ileus. The asso- 
ciation of this picture with pancreatic achylia 
was first pointed out by Andersen? in 1938 and 
later by Farber. ** 

In meconium ileus the lower ileum is ob- 
structed by rubbery, greyish meconium. Proxi- 
mal to the obstruction is a large amount of 
viscid, abnormal looking material greatly dis- 
tending the small bowel and causing it at times 
to twist upon itself so as to simulate a volvulus. 
Distal to the obstructed segment the colon is 
small. On occasion the obstructed bowel per- 
forates in utero, giving rise to meconium 
peritonitis. It should be realized, however, that 
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any obstruction in the intestinal tract (lor exam- 
ple, atresia), not meconium ileus alone, may 
cause passage of meconium into the peritoneal 
CAVIty 

Successful surgical treatment of this conditicn 
first reported by Fliiatt and Wilson in 1949."* 
in recent times Gross** has reviewed the surgical 
aspects. In patients who survive surgery othes 
manifestations of cystic fibrosis eventually de- 
velop. While the pathogenesis of meconium ileus 
nas been related to pancreatic achvlia occurring 
before birth,** there is no evidence that in these 
patients an unusually severe type of fibrocystic 
disease is later manifested. The subject has 
recently been well reviewed by Shwachman.** 

CHEMICAL STUDIES OF INTESTINAL 
SECRETIONS. An abnormality of mucous se- 
cretion has been postulated repeatedly® 
in order to explain many of the pathologic find- 
ings and clinical symptoms of cystic fibrosis of 
the pancreas. However, little evidence in support 
of this hypothesis has been presented. In recent 
studies performed at the Babies Hospital’ a 
physico-chemical difference has been demon- 
strated in the behavior of mucoproteins in the 
duodenal content of patients with cystic fibrosis 
of the pancreas as compared with that of control 
subjects. In the latter, mucoproteins following 
precipitation with a mixture of ethanol and ben- 
zene are readily soluble in water. In patients 
with cystic fibrosis of the pancreas a considerable 
part of the precipitated glycoprotein cannot 
be redissolved in water or brought into solution 
by the action of trypsin. On analvsis the carbo- 
hydrate moiety of this water-insoluble mucopro- 
tein present in patients with fibrocystic disease 
is found to be different in certain chemical 
characteristics from the water-soluble fraction. 

As seen in Table u the water-insoluble muco- 
protein was found in forty-seven of filty patients 
with fibrocystic disease irrespective of whether or 
not pancreatic function was preserved. Ab- 
normal mucoprotein was absent in seventy-six 
of eighty-one control patients, both children and 
adults. In the latter group were included normal 
persons and a variety of subjects with conditions 
other than cystic fibrosis. Of the five “control” 
patients in whom the water-insoluble muco- 
protein was found, two were suspected on clinical 
grounds of having fibrocystic disease. I wo others 
in this same group presented an unclassifiable 
nutritional disorder, with abnormal stools, 
steatorrhea and malnutrition, but no pulmonary 
involvement was noted. 
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In this early stage of the investigation little 
can be said in this connection. It is possible 
that a similar abnormality may be present in 
mucous secretions elsewhere in the body, 
and studies in this direction are being made. The 
absence of abnormal mucoprotein the 
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duodenal contents of three of filty patients with 
cystic fibrosis was not thought surprising in view 
of the variable involvement of various organs in 
this disease. By the same token, as either the 
sweat glands or the pancreas have been found 
not to be affected in some instances, it is quite 
possible that some of the “controls” did have 
fibrocystic disease but without involvement of 
both of these areas. 

The duodenal contents in patients with 
cystic fibrosis frequently are found to be 
abnormally viscous;'’** indeed, increased vis- 
cosity may be the first manifestation of the dis- 
case, at times preceding pancreatic enzyme 
deficiency. Increased viscosity is therefore an 
important finding, although its significance re- 
mains obscure, since it seems to vary inde- 
pendently of pancreatic function. 

Sodium, chloride and potassium concentra- 
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tions in the duodenal contents of patients who 
have and in those who do not have pancreatic 
deficiency and in control persons with a variety 
of other conditions appear to be identical.°*° 

Finally, some studies should be mentioned 
bearing on the composition of the meconium in 
meconium ileus. In 1952 Rapoport and Bu- 
chanan®!:** reported that material from such a 
patient contained much more nitrogen and less 
carbohydrate than normal meconium with 
which it was compared. This was thought to be 
accounted for by lack of proper digestion because 
of the absence of pancreatic trypsin. The in- 
creased viscosity of the abnormal meconium was 
attributed to its higher mucoprotein content. 
Glanzmann in 1950 also studied meconium 
from a patient with meconium ileus. He found 
that the diseased meconium was able to form a 
gel-like mass with lipids in the presence of 
water, and he thought that this might be due to 
the presence of an abnormal protein. 


INVOLVEMENT OF RESPIRATORY TRACT 


At some time in their illness virtually all 
patients have respiratory involvement,®**** usu- 
ally with onset in infancy or early childhood, but 
symptoms may appear at different times. Vary- 
ing also are the severity of the lung involvement 
and the duration of single phases of respiratory 
infection. Frequently the pulmonary disease is 
severe; in this clinic it has accounted for over 
90 per cent of the 173 deaths. 

For weeks or months the patient has a dry, 
hacking, non-productive cough. Then (Table 
it), usually following an intercurrent respiratory 
infection, there is failure to remove properly the 
excessive bronchial mucus produced, perhaps 
because of its abnormal structure or physico- 
chemical behavior. Generalized bronchial ob- 
struction follows and at times is severe. After a 
variable but usually short period, the infection, 
until then mild and perhaps localized in the 
main divisions of the bronchi, becomes wide- 
spread and frequently fulminating by invasion 
of the obstructed air passages down to their 
smaller subdivisions. Respiratory distress is 
present and there may be marked anoxia, carbon 
dioxide retention and air hunger. The patient is 
frequently quite ill, presenting the picture of 
severe generalized pulmonary infection. 

Thanks to effective antibiotic agents, spread 
of the infection to the blood stream and occur- 
rence of massive lobar atelectasis,*® such as has 
been seen in the past, is now usually not present. 
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TABLE WI 


COURSE OF SEVERE RESPIRATORY DISEASE AND ITS 


COMPLICATIONS IN CYSTIC FIBROSIS OF PANCREAS 


INTERCURRENT RESPIRATORY INFECTION 


FAILURE TO REMOVE BRONCHIAL wucus” 


BRONCHIAL OBSTRU¢ TION MEDIASTINAL 


SUDDEN DEATH 
FROM ASPHY XIA 


SUBCUTANEOUS 
EMPHYSEMA 


OBSTRUCTIVE EMPHYSEMA 


REPEATED ATTACKS 
OF BRONCHIAL OBSTRUCTION 


COR PULMONALE 


BRONCHIECTASIS 


PULMONARY 
INSUFFICIENCY 


CHRONIC BRONCHOPNELU MONIA 


LOB ik 
ATELECTASIS 


LUNG ABSCESSES 


—~+DEATH— 


* Failure to remove bronchial mucus ts probable but not proved. 


Secondary bronchopneumonia is brought under 
temporary control but some degree of bronchial 
obstruction persists. The cycle is then repeated 
with subsequent respiratory infections, giving 
rise to the characteristic course of the disease 


punctuated as it is by repeated episodes of 


increased bronchial obstruction and secondary 
infection. Any one of these relapses may be fatal. 

On physical examination the thorax is barrel- 
shaped and the percussion note tympanitic. On 
auscultation rales may be heard all over the 
pulmonary area, disappearing after a coughing 
spell. Clubbing of fingers and toes is usually 
marked. On roentgenograms the signs of gener- 
alized obstructive emphysema are _ visible, 
namely, increase of the anteroposterior diameter 
of the chest, small cardiothoracic index and 
depression of the leaves of the diaphragm. The 
signs of bilateral bronchopneumonia are present. 
If the pulmonary infection is of moderate sever- 
ity, the lungs present a “Shoneycomb”’ appear- 
ance in x-ray films; in the more advanced state 
they may show a “‘snow flake” picture similar 
to that of generalized pulmonary tuberculosis. 
Peribronchial “‘cuffing’ is very much in evi- 
dence, even early in the illness. 

Staphylococcus aureus hemolyticus was con- 
sistently recovered in the past from nose and 
throat cultures and at autopsy from the lungs 
either in pure culture or as the predominant 
organism.*’ The bacterial flora of the naso- 
pharynx and of the bronchi has been altered 
in recent years by the use of wide spectrum anti- 
biotics, and proteus, Pseudomonas aeruginosa, 


other bacteria and Candida albicans may be 
found on occasion. Stull the basic and recurrent 
infection is due to staphylococcus, a striking 
association of this organism with cystic fibrosis. 
This finding is the more notable as such patients 
resist Staphylococcus aureus infection elsewhere 
in the body (for example, the skin) quite 
normally. 

The pulmonary component of cystic fibrosis ts 
an intrabronchial disease, and bronchial obstruc- 
tion is its primary and cardinal manifesta- 
Secondary infection may never 
cause permanent damage to the bronchial wall, 
leading only to mild chronic disease of the lung 
which is kept in check effectively by broad- 
spectrum antibiotics.** If irreversible damage is 
sustained by the bronchi, bronchopneumonia ts 
progressive and eventually leads to the dis- 
tressing picture of pulmonary insufliciency and 
death through various complications. (Table 
mi.) The duration between onset of disease and 
its fatal termination varies from a few wecks to 
as long, in the author's experience, as fourteen 
years; the average is two or three years. | 

It is important to keep in mind that involve- 
ment of the lungs in cystic fibrosis of the pan- 
creas may be initiated by measles or pertussis. 
Both of these conditions frequently give rise to 
bronchial complications even in otherwise nor- 
mal persons. 


INVOLVEMENT OF SWEAT AND SALIVARY GLANDS 


Sweat Glands. In 1953 in a series of studies 
in this hospital***.® it was shown that the sweat 
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of patients with cystic fibrosis of the pancreas 
consistently has a concentration of chloride 
and sodium two to five times that of normal 
persons and of patients (children and adults) 
with a variety of other conditions. Sweat potas- 
sium also was affected but to a lesser degree. 
Chronic disease of the lung, diabetes mellitus, 
acquired pancreatic deficiency, cirrhosis of the 
liver and many other disorders do not per se 
change the electrolyte concentration of sweat. 
Sweat electrolyte values in these and subsequent 
investigations (Fig. 3) were as follows: (1) pa- 
tients with cystic fibrosis, chloride 50 to 160 mEq. 
per L. (mean 106 mEq. L.), sodium 80 to 190 
mEq. per L. (mean 133 mEq. L.); (2) control 
subjects, chloride 4 to 60 mEq. per L. (mean 
27 mEq. L.), sodium 10 to 80 mEq. per L. 
(mean 52 mEq. L.). 

Metabolic studies® indicated that the ab- 
normally high sweat electrolyte level in patients 
with fibrocvstic disease was not significantly 
affected by administration of desoxycorticos- 
terone acetate, dietary salt restriction or expo- 
sure to hot weather. Function of the kidnevs 
and adrenal glands in such patients was found 
to be normal. It was concluded, therefore, that 
the defect was in the sweat glands themselves. 
No explanation has been offered to date as to 
physiopathology responsible for this phenome- 
non. In the original studies sweat was collected 
in limited areas of the trunk***** and presum- 
ably was only from eccrine glands. Recently, 
however, Cooke*' has found a similar difference 
in total body sweat between patients with cystic 
fibrosis and control subjects. 

These findings were subsequently amply 
confirmed by others.'’°*" So far we have seen 
only one patient (of 140 tested) with cystic 
fibrosis of the pancreas and normal sweat elec- 
trolytes. A similar ratio has been found in other 
clinics.** 

While this specific abnormality of sweat elec- 
trolytes has not been found as yet in any condi- 
tion other than fibrocystic disease, about 20 per 
cent of relatives of patients known to have the 
disease (parents and siblings) have an increased 
concentration of chloride and sodium in the 
sweat.*'* Usually these patients have no clinical 
manifestations of the disease but at times 
chronic disease of the lung is present, although 
pancreatic function is normal. 

These findings indicate that cystic fibrosis is 
in reality a generalized disease in which many 
and perhaps all exocrine glands, mucus produc- 


SEPTEMBER, 1956 


415 


ing and others, are affected. [he occurrence of 
sweat electrolyte abnormalities in relatives of 
patients known to have the disease demon- 
strates the existence of mild and incomplete 
forms. Knowledge of the markedly increased 
concentration of salt in sweat and of the inability 
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of these abnormally high levels to be decreased 
significantly in patients with fibrocystic disease 
explains the unusual susceptibility of such 
patients to hot weather.*® Massive salt loss 
through sweat leads to salt depletion, cardio- 
vascular collapse and, at times, death.*® From 
a practical standpoint this knowledge has 
pointed the way to prevention and treatment of 
these complications. In addition, the specificity 
of the “‘sweat test’’ has led to its widespread use 
in diagnosing cystic fibrosis of the pancreas. 
Salivary Glands. In cases of fibrocystic disease, 
compared with normal, the concentration 
of chloride and sodium is also abnormally in- 
creased in mixed saliva.''***” Potassium is not 
significantly different. In the figures obtained in 
this laboratory the overlap in values is consider- 
able in the two groups; it was therefore con- 
sidered by the author that salivary electrolyte 
determinations, while of theoretic interest, could 
not be used as a diagnostic tool. Prader and 
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Gautier®® in a small number of patients found 
a clear-cut difference between the chloride and 
sodium levels in the saliva of patients with cystic 
fibrosis and others. Their values, however, repre- 
sented the average of six determinations. In 
view of the variability in composition of saliva 
following various stimuli it is clear that much 
further work is needed. 

At the same time it was also shown by us'!:°"°° 
that the parotid secretory rate is greatly in- 
creased in patients with cystic fibrosis as com- 
pared with that of control subjects. This finding 
is difficult of interpretation but the parotid 
secretory rate has been used® to evaluate the 
degree of activity of the autonomic nervous 
system. 

GENETIC STUDIES 

The first comprehensive study of the genetic 
aspects of cystic fibrosis of the pancreas was 
reported by Fanconi and Botztein® in 1944, who 
recorded the family trees of twenty-five children 
with this disease. No definite conclusion was 
reached. Andersen and Hodges® in 1946 pub- 
lished data on forty-seven siblings and family 
trees for twenty of them. They concluded that 
hereditary transmission by a recessive mecha- 
nism was likely. Because of the occurrence of the 
disease in the majority of siblings in a fair propor- 
tion of the affected families and because a lethal! 
simple recessive trait would tend to disappear 
rapidly, when not too frequent, Andersen and 
Hodges concluded that an uncomplicated 
recessive trait dependent on a single gene was 
unlikely. In 1949 Lowe, May and Reed’ 
presented data on 118 patients, nine of them 
with the family trees. They felt strongly that 
the evidence at that time indicated that cystic 
fibrosis resulted from a single recessive gene 
which in the homozygous condition caused the 
fully manifested clinical picture. In 1952 
Carter,®’ from data on 116 children observed in 
London, also expressed the view that the reces- 


‘sive gene hypothesis for the transmission of this 


disease was satisfactory, although not com- 
pletely so. 

The situation was altered with the demon- 
stration in 1953 in this clinic® that in a significant 
proportion of relatives (siblings and parents) of 
patients known to have the disease the elevation 
of sweat electrolytes was characteristic of that of 
children with cystic fibrosis of the pancreas, 
without other manifestations of the disorder. 
The author’s data show®**? that a majority of 


such persons are grouped within relatively few 
families. [t may also be significant that many ol 
these show sweat electrolyte values which are 
somewhat lower than those found in patients 
with the full-blown picture of the disease. 

This certainly suggests that we are dealing 
with more than one factor. Perhaps the most 
acceptable hypothesis at this time, according 
to Childs,‘” is that presupposing a gene or genes 
which cause overt disease in homozygotes and 
give partial expression or no expression of the 
disorder in heterozygotes. 


CLINICAL PICTURE AND DIAGNOSIS 


In the majority of patients the combination of 
symptoms of intestinal insufficiency and chronic 
disease of the lunge suggests the diagnosis. How- 
ever, as already indicated this protean disease is 
characterized by variable involvement of the 
areas affected and patients are seen at times in 
whom the classical and easily recognizable 
clinical picture is not presented. The following 
groups can be differentiated (Table tv): 

Group | consists of patients presenting a com- 
bination of intestinal and respiratory manifesta- 
tions. This category accounts for the majority 
of cases. 

Group l consists of patients presenting pan- 
creatic insufficiency but no lung involvement. 
Such cases are not uncommon and frequently 
are mistakenly thought to represent idiopathic 
celiac disease or other conditions leading to 
steatorrhea in infants and children. Even in 
these children the large, foul stools, the excessive 
appetite and the malnutrition that is present 
despite apparently adequate dietary intake 
should lead one to suspect the correct diagnosis. 

Group i consists of patients with chronic 
disease of the lung in whom intestinal symptoms 
are lacking. In about 10 per cent of cases the 
function of the pancreas is either normal or 
slightly impaired and symptoms referable to 
deficiency of this organ are therefore lacking. 
These patients present only chronic disease of 
the lung, which must be differentiated from the 
other conditions that result in similar clinical 
manifestations in this age group. Of assistance in 
diagnosis is the fact that the majority of children 
with generalized obstructive emphysema, espe- 
cially if they are Caucasian, have cystic fibrosis. 

Group tv consists of children in whom cir- 
rhosis of the liver with portal hypertension 
dominates the clinical picture. At the Babies 
Hospital seven children have been seen in whom 
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TABLE IV 
CLINICAL TYPES OF CYSTIC FIBROSIS OF PANCREAS 
Involvement Fecal Sweat 
Duodenal (mEq./L.) 
Age 
Name and (yr.) I'ryptic 
Race p, Activity* Nitrogen Fat 
Lungs Liver (u./ece.) (% intake (% intake Cl Na 
creas absorbed) absorbed) 
L'sual Type of Cystic Fibrosis of Pancreas 
children + 0 0 absent decreased decreased increased 
Climcal Variants of Cystic Fibrosis of Pancreas 
eo rw 3 0 + + 0 0 569 97 98 97 | 120 
M.K./F,W| 3 0 0 85 81 90 110 121 
AR. | 11 - +§ 0 0 72 | 84 
A'S 0 + 0 0 0 60 89 | 89 
J.H.3 M,W 0 0 0 0 
M.H.| F, W 6 + + > 0 - | 0 | 103 | 105 
| | | 
* Normal = 100 viscosimetric units/ml.; average = 250 u./ml. 


*t Normal values (mEq./L.) = 


sweat Cl 4 to 60 (mean 27), sweat Na = 


10 to 80 (mean 52). 


¢ Only patient with cystic fibrosis of the pancreas, but normal sweat electrolytes of 140 patients tested. 


§ Cirrhosis of liver with portal hypertension. 


cirrhosis of the liver was clinically manifested. 
In two of these, cystic fibrosis was not suspected 
prior to admission, and the symptoms of portal 
hypertension dominated the clinical picture. 
Hospitalization in both instances was for gas- 
trointestinal bleeding.*' Neither one had ever 
had respiratory symptoms previously, although 
these manifestations developed subsequently in 
both. 

Group V consists of heat casualties in whom 
clinical manifestations of the disease were not 
noted previously. In two patients, acute salt 
depletion during hot weather necessitated ad- 
mission to the hospital for emergency treatment. 
Cystic fibrosis, previously not suspected, was 
subsequently diagnosed in both children. In one 
instance pancreatic achylia was present which 
had given rise to only minimal symptoms; in the 
other the pancreas was not involved. 

All of these patients have in common the 
increase in sweat chloride and sodium charac- 
teristic of cystic fibrosis, so that determination of 
sweat clectrolytes is of assistance in arriving at a 
diagnosis. The “sweat test’ is a valuable diag- 
nostic tool and one which is not dependent on 
pancreatic function. The introduction of plastic 
bags to make the patients sweat'® has greatly 
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simplified the procedure, and the analysis in- 
volved is within reach of most hospital labora- 
tories.°**’ For diagnostic purposes the deter- 
mination of sweat potassium is generally not 
performed because the overlap in values be- 
tween patients with cystic fibrosis and those with 
other conditions impairs its diagnostic usefulness. 

In the past, definitive diagnosis has rested on 

the demonstration of absence of pancreatic 
enzymes on duodenal assay. However, it is now 
known that their presence does not negate the 
diagnosis of fibrocystic disease, and this test is 
of little or no help in patients in whom pan- 
creatic function is normal or partially preserved. 
The same can be said of many of the other tests 
devised to diagnose this disease'®:**:*°:7!:7? which 
are dependent for their results on pancreatic 
achylia. 
' The demonstration of the presence in the 
duodenal content of a water-insoluble muco- 
protein**:** may prove to be of diagnostic help 
in certain patients. It is too early in the in- 
vestigation to state this with assurance. 

The diagnosis of cystic fibrosis of the pancreas 
should then be based on the following criteria, 
with the understanding that some of them may 
be absent in the single patient. 


al 
@ 
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1. Pancreatic insufficiency, present in 90 per 
cent of patients, leads to steatorrhea, azotorrhea 
and malnutrition. On duodenal assay pan- 
creatic enzymes are absent. In our laboratory 
we have relied mainly on the determination of 
tryptic activity of duodenal fluid.** 

2. Pulmonary involvement is characterized 
by generalized obstructive emphysema and 
chronic bilateral bronchopneumonia. Respira- 
tory involvement of varying degrees of severity 
is found in almost all patients at some time 


during the disease. 


3. Abnormal sweat, showing on “sweat test”’ 
the characteristic increase in sweat chloride 
and sodium concentrations, leads at times to 
salt depletion and even to death in hot weather. 


Of 140 patients with fibrocystic disease who. 


have been tested to date, only one was found 
to have normal sweat electrolytes. 

4. Afamily history which reveals the presence 
of siblings with the same condition is of diag- 
nostic assistance. Their absence does .not rule 
out the disease. 

5. Cirrhosis of the liver gives rise to hepato- 
splenomegaly and the symptoms of portal hy- 
pertension, namely, hypersplenism, gastroin- 
testinal bleeding or ascites, or a combination of 
the three. A biopsy specimen of the liver reveals 
multilobular biliary cirrhosis, and at times 
“concretions” are found. (Fig. 2C.) 

It is evident, therefore, that cystic fibrosis of 
the pancreas must be differentiated in many 
instances from other conditions giving rise to 
steatorrhea, chronic disease of the lung or cir- 
rhosis of the liver with portal hypertension in 
the pediatric age group. 


PROGNOSIS 


The pathologic changes in the pancreas and 
the effects of pancreatic deficiency attracted 
attention first and gave the disease its name. 
However, involvement of the respiratory tract 
usually dominates the clinical picture and deter- 
mines the fate of the patient.'°:1!.°*.°® 

The basic difficulty in pulmonary involve- 
ment in cystic fibrosis of the pancreas is in 
removal of bronchial mucus, which obstructs 
the air passages and leads to secondary broncho- 
pneumonia. The walls of the bronchi are not 
affected at first but are involved if the secondary 
infection is sufficiently long or severe. If irre- 
versible damage to the bronchial wall occurs 
the disease of the lung becomes slowly progres- 


sive and eventually leads to death (Table m1) 
in a period varying from a. few months to more 
than ten years but averaging two to three years. 
Antibiotics cause only temporary remission in 
chronic lung involvement, and fail to have 
lasting effect. If permanent damage to the 
bronchi does not occur the pulmonary involve- 


ment remains mild and is kept in check by 


antibiotics. After the age of ten most such 
patients improve,''°° perhaps because of the 
increase in size of the pulmonary structures and 
the consequent mechanical favorable effect on 
bronchial obstruction. In such patients the 
degree of clearing by roentgenograms is sur- 
prising, and pulmonary function tests can be 
virtually normal.* 

Although less important to the patient’s 
ultimate outlook, attention should be paid to 
the effects of pancreatic deficiency. Maintenance 
of good nutrition, improvement in the character 
of the stools and avoidance of vitamin defi- 
ciencies are essential to the patient’s welfare. In 
recent years, with improved knowledge of these 
patients’ nutritional requirements, the conse- 
quences of pancreatic achylia have not governed 
the patient’s outlook. 

It is believed by some authors‘*’® that main- 
tenance of a dietary regimen specifically aimed 
at overcoming the effects of pancreatic insuf- 
ficiency has a favorable effect on the incidence 
and course of pulmonary involvement. In the 
writer's opinion and in the opinion of others* 
the evidence is not too convincing. In many 
patients who were given a strict diet before 
onset of pulmonary manifestations chronic 
disease of the lung, at times severe, progressive 
and fatal has subsequently developed. Further- 
more, now conclusive evidence has appeared*'* 
that the lungs may be affected in patients in 
whom pancreatic function is normal and in 
whom digestive symptoms are entirely absent. 
It must be concluded that involvement of the 
pancreatic and pulmonary areas is_ inde- 
pendent and one has no effect on the other, 
except insofar as the patient in a satisfactory 
state of nutrition is better able to cope with 
infection. 

Meconium ileus and the consequent intestinal 
obstruction presents a hazard to 10 per cent of 
patients in the newborn period. About half 
survive operation and then face the same un- 
certain outlook as other children with cystic 
fibrosis. Massive and at times uncontrollable 
gastrointestinal bleeding consequent upon por- 
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tal hypertension due to cirrhosis of the liver 
presents an additional danger in some instances. 
Finally, massive salt depletion through sweat 
in hot weather has led at times to severe and 
even fatal consequences. 

Ot 397 patients, 173 are dead. More than 
90 per cent of the deaths have been due to 
chronic disease of the lung. Thirty-five patients 
are above the age of ten, the oldest being 
twenty-one years. As a whole these older pa- 
tients are doing well,’® two of them have entered 
college and three others are working at full time 
jobs. It is probable that at least some of them 
will suffer from chronic pulmonary difficulties 
in adult life. 


IREATMENI 


Treatment of patients with cystic fibrosis of 
the pancreas is directed towards correcting the 
effects of pancreatic deficiency by dietary 
measures and controlling the respiratory infec- 
tion by administration of antibiotics. 

The principles of diet therapy as recom- 
mended by Andersen‘® are as follows: The diet 
is of high caloric, high protein, low fat and 
moderate starch content. Simple sugars and 
liposoluble vitamins are given in liberal amounts. 
Pancreatic extracts are administered with each 
meal. Patients with cystic fibrosis absorb pro- 
tein as inefficiently as fats but such children 
tolerate increased amounts of dietary protein, 
thereby achieving a positive nitrogen balance. 
Further details as to this type of diet are given 
in the same paper.’® In view of the abnormal 
sodium chloride content of sweat in these chil- 
dren and its possible adverse effects on the pa- 
tients in hot weather,*** liberal use of the 
salt shaker is advised at all times; two extra 
grams of salt are given in summer.'' 

The question as to whether patients with 
cystic fibrosis and pancreatic achylia need a 
restricted diet or not has led to a great deal of 
controversy. On the one hand some investiga- 
tors, notably Andersen,’**® feel it very impor- 
tant to keep all patients with pancreatic de- 
ficiency on a strict dietary regimen. On the 
other, some authors*’'’** have expressed the 
view that patients with fibrocystic disease need 
to compensate for the loss of calories through 
steatorrhea and azotorrhea, but that within 
these limits their intake need not be limited. 
Some of the metabolic data'’ would tend to 
support the former hypothesis, others the 
latter.'* The author would like to take an 
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intermediate position, recognizing that further 
metabolic studies should be made before the 
question is finally settled. The effects of lack of 
pancreatic enzymes vary considerably even 
among patients with pancreatic achylia. Some 
need virtually no dietary restriction, as shown by 
their growth, state of nutrition and the character 
of the stools. In others, a dietary regimen is 
imperative. As there is no way of determining 
beforehand to which category any particular 
patient will belong, it is suggested that a strict 
dietary regimen be instituted and then gradually 
liberalized as the clinical manifestations permit. 
It goes without saying that patients with cystic 
fibrosis, but without pancreatic involvement, 
need no dietary restrictions. 

The necessity for antibiotic treatment of pa- 
tients with pulmonary involvement is univer- 
sally accepted, and there is general agreement 
as to the agents to be used. In 1944 in this clinic 
penicillin by the intramuscular and the inhala- 
tional routes was introduced.*’ As other more 
effective antibiotics became available they came 
into general use'’:'':**-?> with beneficial results. 

Anubiotics are given in an intensive course 
lasting from seven to fifteen days and frequently 
require hospitalization. If evidence of lung in- 
volvement persists (as is usually the case) broad- 
spectrum antibiotics are given in prophylactic 
dosage for months or years. If, on the other 
hand, evidence of pulmonary disease no longer 
persists these agents can be discontinued. The 
prolonged administration of oral antibiotics is 
undesirable, and the danger of emergence of 
bacterial resistance is recognized: however, ad- 
ministration of these drugs over a long period is 
frequently imperative. Further details as to 
dosage and route of administration are given 
elsewhere.'' 

Surgery is required to relieve intestinal ob- 
struction due to meconium ileus*®*® and surgical 
shunting procedures may be needed for patients 
with cirrhosis of the liver and portal hyperten- 
sion.*' Lung surgery has on occasion improved 
the patient’s condition but is usually not indi- 
cated because of the generalized nature of the 
pulmonary disease. Therapeutic bronchoscopy 
has also helped on rare occasions, especially 
in older children,’* but because of the lack of 
marked improvement in many instances and 
the adverse reactions in younger patients it is 
generally contraindicated. 

Postural drainage to help patients expectorate, 
administration of digitalis, if cardiac embar- 


= 
3 
% 


420 Cystic Fibrosis of Pancreas—di Sant’ Agnese 


rassment is present, and other supportive meas- 
ures may be of assistance. 

Acute salt loss through the sweat should be 
suspected when patients with cystic fibrosis are 
admitted to the hospital vomiting and dehy- 
drated.*® Thirst is an unreliable symptom. 
Hyperpyrexia, cardiovascular collapse or coma 
present a real medical emergency, and the pa- 
tient is In imminent danger of death unless 
prompt and vigorous measures are undertaken 
to restore the depleted water and electrolyte 
stores. 


CONCLUSIONS 


At first pancreatic deficiency was considered 
the basic defect in cystic fibrosis (Andersen in 
1938, Blackfan and May in 1938, and Harper in 
1938). Accordingly, most attention was devoted 
up to a few years ago to studying the metabolic 
effects of the lack of exocrine pancreatic secre- 
tions. It was then pointed out that a widespread 
defect of mucous secretions throughout the body 
might explain many of the symptoms and much 
of the pathology in this disorder, and the name 
or ‘“‘mucosis” was suggested 
(Farber in 1944, Shwachman in 1951, and 
Bodian in 1952). With the demonstration of 
consistent involvement of the sweat glands and 
of the parotid glands it became evident that 
cystic fibrosis is in reality a generalized disease 
affecting many or perhaps all exocrine glands, 
mucus-producing and others (di Sant’ Agnese 
1953). 

It is now recognized!':'* that in cystic fibrosis 
there is variable involvement of the areas 
affected. At times incomplete forms of this 
generalized disturbance occur; pancreatic func- 
tion may be normal, just as there are patients 
with virtually no respiratory symptoms, some 
in whom cirrhosis of the liver dominates the 
clinical picture and, finally, some*'':'* in whom 
high concentrations of chloride and sodium in 
sweat are the only abnormal findings. ‘This sug- 
gests independence of involvement of these 
various organs, perhaps under genetic influence. 
It is possible, of course, that in all instances all 
susceptible areas are affected but to an extent 
too limited to give rise to clinical manifestations. 
Symptoms may appear later, indeed may remain 
in abeyance indefinitely. 

Recent studies indicate that in fibrocystic 
disease three different defects in exocrine secre- 
tions are present that need to be explained: (1) 
An abnormality of mucus production, affording 


a reasonable explanation for the pancreatic, 
hepatic and pulmonary symptoms is probably 
present. This hypothesis has received important 
support from studies**** which showed the 
presence of an abnormal mucoprotein in the 
duodenal content of patients with this disorder. 
(2) An abnormally high concentration of elec- 
trolytes occurs in eccrine sweat and mixed 
saliva. (3) An increased parotid secretory rate 
is present. These exocrine glands, different in 
function and in the products they elaborate, are 
thus affected in different ways. 

The basic defect, whatever its nature, appears 
to be genetically transmitted. A likely hypothesis 
(Childs, 1955) is that which assumes a gene (or 
genes) which causes the fully manifest although 
variable disease in homozygotes and incom- 
plete or no expression in heterozygotes. Prob- 
ably a significant number of affected heterozy- 
gotes are present in the adult population. 
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Mechanisms of Edema Formation and 
Principles of Management 


HESE are stenotyped reports of Combined Staff Clinics of the College of Physicians 
bese Surgeons, Columbia University, and the Presbyterian Hospital, New York. The 
clinics, designed to integrate basic mechanisms of disease with problems of diagnosis and 
treatment, are conducted under the auspices of the Department of Medicine. The re- 


ports are edited by Dr. Richard J. Cross. 


Dr. Joun H. Laracu: Edema is a clinical 
sign, a manifestation, not a cause of diseases of 
varied origin. In this discussion of edema I shall 
attempt to emphasize its constant features and 
the attributes which appear to be essential for its 
formation and maintenance, regardless of the 
specific underlying disease process. In this way I 
hope to highlight those characteristics which 
may be a common denominator, whether the 
patient be suffering from heart failure, cirrhosis 
of the liver with ascites, the nephrotic syndrome, 
or even a more localized disorder such as a swol- 
len, thrombophlebitic leg. 

To be sure, it has been popular practice in the 
past to separate the edema of heart disease from 
all other edemas. However, there is as vet no con- 
vincing evidence that the edema of heart failure 
is controlled by specific and unique forces which 
do not operate to govern the disposition of body 
fluid in all other situations.' And if, in this gen- 
eral discussion of edema, I refer chiefly to ma- 
terial gleaned from studies of congestive heart 
failure, it is only because much of our under- 
standing of the mechanisms of edema has 
emerged from observations on this particular 
group of patients. 

We are concerned herein with progressive 
edema formation which is characterized by an 
increase in the total amount of salt and water in 
the body and an associated gain in weight. We 
shall exclude from our discussion the pulmonary 
edema of acute left ventricular failure, which 
primarily involves a redistribution of fluid al- 
ready present in the body. 

When there is chronic, progressive accumula- 
tion of salt and water, there must be displace- 
ment of this accumulated fluid outside the vascu- 
lar tree. This displacement is governed by the 
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Starling principle,* which states that the ex- 
change of fluid between the blood stream and the 
surrounding tissues is controlled by the balance 
between the colloid osmotic pressure and the 
hydrostatic pressure. According to this principle, 
edema might result from (1) a reduction in the 
serum protein concentration with a fall in effec- 
tive oncotic pressure; (2) an increase in the ve- 
nous pressure or (3) a change in the permeability 
of the capillaries. Other factors promoting 
edema formation are: (4) increased protein 
content of the edema fluid; (5) decreased local 
tissue tension and (6) obstruction of the lym- 
phatic drainage. These factors may be present in 
varying degrees in clinical states of edema. ‘Their 
presence to a greater or lesser degree would 
appear to be essential for the production of a 
state of progressive edema. 

In cardiac failure it is increased venous 
pressure which tends to promote transudation. 
In cirrhosis of the liver intrahepatic venous con- 
gestion and hypoproteinemia are important 
factors. In the nephrotic syndrome the factors 
responsible for edema formation are more 
obscure but include hypoproteinemia as well as 
probable diffuse capillary damage. Edema from 
malnutrition also is related to these two latter 
factors. 

In addition to these disturbances of local fluid 
exchange relationships of tissues, it is now well 
recognized that abnormal retention of sodium 
chloride by the kidney is an essential concomi- 
tant of the development of the edema of heart 
failure, of cirrhosis and of the nephrotic syn- 
drome. Although there are fundamental differ- 
ences in the primary mechanisms of edema 
formation in these disease states, in respect to 
sodium metabolism they are all similar, being 
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characterized by a tendency to abnormal renal 
retention of sodium chloride and water. Any 
discussion of the mechanisms of edema must 
therefore be concerned primarily with a con- 
sideration of the physiologic factors governing the 
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disposition of ingested sodium chloride and water 
by the kidney in health and disease. 

First, let us consider the hemodynamic factors 
involved in regulating renal retention of salt and 
water. Much of our knowledge in this regard has 
resulted from studies of patients with congestive 
heart failure. In Figure 1, I have indicated the 
two popular concepts of the mechanisms of con- 
gestive heart failure, the so-called backward 
failure and forward failure theories. The main 
difference between these two concepts is the 
dispute over the exact sequence in which the 
events occur. According to both theories, heart 
failure is initiated by an inadequate cardiac out- 
put; “‘inadequate”’ since, as we now know, the 
cardiac output may be quite low without evi- 
dence of congestive failure, and a high output is 
not necessarily associated with freedom from 
congestive failure. 

The backward failure hypothesis postulates 
an initial elevation of venous pressure causing 
transudation. The renal retention of sodium and 
water is, in a sense, a reaction to this transuda- 
tion. In the forward failure hypothesis, renal 
retention of salt and water is primary, leading 
to hydremia, to increased capillary pressure and 
then to transudation. This theory as originally 
proposed emphasized the glomerular filtration 
rate as a critical factor. Again, obviously com- 
mon to both theories and, indeed, essential for 
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the continued formation of edema fluid, is the 
abnormal retention of salt and water by 
the kidney. 

For many years the importance of the kidney 
in this regard was not generally appreciated, and 
physiologists wandered far afield searching for 
an adequate explanation of dropsy. In this con- 
nection it is of interest that, although Starling 
is generally considered to be the father of the 
backward failure hypothesis, as long ago as 1896 
he emphasized the importance of diminished 
excretion by the kidneys to explain the hydremia 
which then might lead to increased capillary 
pressure and transudation of heart failure. None- 
theless, as Starling’s theory was subsequently 
evolved, his original mention of the kidney was 
apparently forgotten. 

The backward failure hypothesis was held for 
a number of years. However, with the develop- 
ment of technics for the determination of cardiac 
output, blood volume and blood flow in various 
areas, Certain inconsistencies became apparent. 
It was discovered that some patients in frank 
congestive failure had a normal or even increased 
cardiac output at rest. Certainly, here the heart 
did not seem to be failing as a pump, and yet 
there was increased venous pressure and edema. 
Furthermore, the blood volume of the decom- 
pensated patients was found to be increased 
fairly consistently, rather than decreased as some 
had predicted it should be if the edema fluid 
had been squeezed out of the capillaries.' 

In 1940 Starr,*® using a mechanical model, re- 
ported that increased venous pressure did not 
occur with failure of the pump unless the 
capacity of the circulatory system had been 
reduced or the blood volume increased. He also 
virtually destroyed the right ventricle of dogs 
without producing a rise in venous pressure. 
In addition, Starr noted that pressure in the 
heart and veins of cardiac patients immediately 
after death was some three times higher than in 
patients who had died from other causes. In 
death, there could be no backward pressure 
phenomena. He concluded from these observa- 
tions that elevation of the venous pressure in 
heart failure was due to a combination of vaso- 
constriction in the kidney and hypervolemia 
produced by renal retention of salt and water. 

As long ago as 1903 Widal had discovered that 
normal subjects gained weight when given large 
quantities of sodium chloride, and from this he 
concluded that the edema of renal disease was 
due to failure to eliminate salt. He further de- 
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scribed diuresis with the excretion of 10 to 12 em. 
of salt and a loss of weight of about 1.75 kg. 
within two or three days of the institution of a 
low-sodium diet in normal subjects, and a con- 
verse oliguria with the retention of salt and 
return to the control weight on re-adding salt to 
the diet. 

It is fair to say that these observations were 
largely unappreciated for many years. In 1925 
Gamble® observed that the administration of 
ammonium chloride did not cause a similar 
retention of salt and water and, in fact, produced 
a diuresis. From these data the obvious hy- 
pothesis was again advanced (this had also been 
previously suggested by the work of Pfeiffer, 
Magnus-Levy and Blum*®*) that the sodium 
ion was critical for the formation of edema. This 
concept did not gain wide acceptance for many 
years. In 1942 the full importance of sodium was 
re-emphasized by Futcher and Schroeder’ 
who rediscovered that rigid restriction of dietary 
sodium results in a diuresis and loss of weight, 
and prevents reaccumulation of edema. They 
found further that the capacity to excrete a load 
of intravenous saline solution was greatly re- 
duced in patients with heart failure as compared 
with normal subjects. The kidney was now in- 
criminated, and the evaluation of its role in 
edema formation awaited the refinement and the 
application of physiologic technics. 

In 1942 Seymour, who was not satisfied with 
the conventional explanation of passive conges- 
tion of the kidney as a cause of oliguria in heart 
failure, first studied kidney function in decom- 
pensated patients, using inulin and phenol red to 
measure glomerular filtration rate and renal 
plasma flow.'® He discovered that filtration and 
plasma flow were both greatly reduced, plasma 
flow more than the filtration rate. 

In 1944 Warren and Stead!! began their study 
of heart failure by examining the edema fluid 
of decompensated patients. This fluid was found 
to contain small amounts of protein, less than 
0.5 gm. per cent. This seemed to them to rule out 
lymphatic obstruction and increased capillary 
permeability as possible factors, the composition 
of the fluid seeming more compatible with hypo- 
proteinemia or increased capillary pressure. The 
latter could be the result of an increased extra- 
cellular volume due to renal retention of sodium 
and water. 

Hypoproteinemia is not a consistent finding in 
heart failure, and Warren and Stead set out to 
prove whether or not increased venous pressure 
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was responsible. To do this, two patients with 
compensated failure were given added salt in 
their diet. It was noted that these patients 
gained weight and that their plasma volumes 
increased before there was any detectable rise in 
venous pressure. [This was in agreement with 
Starr’s previous observation in his mechanical 
model, and from this evolved the forward failure 
theory. These workers postulated primary renal 
retention of salt and water with elevated venous 
pressure as a secondary phenomenon. In support 
of their hypothesis they cited a number of other 
situations in which there was no correlation 
between height of the venous pressure and the 
degree of edema formation. 

Following this study, Merrill in 1946 reported 
on quantitative studies of kidney function in 
patients who were decompensated at rest.** 
He showed that while the blood flow through the’ 
kidney may be reduced to as little as one-fifth of 
the normal, the cardiac output seldom falls 
below half of the normal. Thus the kidney, 
normally receiving 20 to 25 per cent of the 
cardiac output, in failure may receive only 7 to 8 
per cent. This means that blood is diverted away 
from the kidney in heart failure. It was Merrill's 
conclusion that this took place in an effort to 
maintain effective blood flow to more sensitive 
organs. 

These studies revealed that there was no cor- 
relation between venous pressure on the one 
hand, and filtration rate and plasma flow on the 
other. There was, however, a direct relationship 
between the cardiac output and renal plasma 
flow. This seemed to substantiate again the for- 
ward failure hypothesis—that the increased 
venous pressure was a secondary phenomenon. 

Merrill had found that a glomerular filtration 
rate of about 70 to 80 cc. per minute seemed to 
be the critical level for the retention of sodium. 
Those patients whose filtration rate was above 
this level seldom required mercurials, while those 
below this level frequently needed diuretics. It 
was thought that tubular function remained 
relatively unaltered in heart failure and that the 
decreased load of sodium presented to the 
tubules by reduction in filtration allowed more 
nearly complete tubular reabsorption of the 
smaller load of sodium and water, leading to an 
expansion of the blood volume and ultimately 
to edema. 

Subsequent work by many investigators has 
now established beyond any doubt that when all 
other variables are controlled, there is a linear 
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relationship between the amount of sodium 
filtered at the glomerulus and the amount ap- 
pearing in the urine. Slight changes in the 
filtered load per minute, of the order of 1 per 
cent (which cannot be detected by our best 
technics) can, in time, profoundly alter net 
sodium excretion. This relationship is illustrated 
by a controlled experiment carried out by 
Thompson and Pitts. They placed a balloon in 
the aorta of dogs and produced graded reduction 
in glomerular filtration rate. In a number of 
animals sodium excretion fell simultaneously 
with the induced fall in filtration rate.'* 

However, despite the fact that the filtration 
rate was thus undeniably established as an im- 
portant governor of salt and water excretion, 
certain clinical and subsequently certain experi- 
mental observations remained difficult to explain 
by the assumption that this was the sole regulat- 
ing mechanism. For example, in the following 
the glomerular filtration rate (GFR) bears no 
correlation to sodium excretion: (1) GFR may 
be low in various diseases without edema 
(Bradley); (2) ascites may occur in patients with 
hepatic cirrhosis with normal filtration rates 
(Epstein); (3) GFR may be supernormal in 
patients with nephrosis forming edema and may 
be low during the diuretic phase (Janeway): 
(4) GFR may remain low with diuresis and 
may be increased during edema formation in 
patients with cardiac conditions (Farnsworth); 
(5) edema can be formed rapidly in dogs with 
very high filtration rates (Davis and Howell); 
(6) the salt-depleted dog, when given sodium 
chloride, retains it maximally as GFR rises 
(Frieden, 1952); (7) the hypophysectomized 
dog with very low GFR has a normal sodium 
balance (Surtshin and White, 1951). 

Thus it was soon observed that in certain pa- 
tients in heart failure the glomerular filtration 
rate was not low enough to account for their 
state of decompensation. At first this was ex- 
plained by the suggestion that with any exertion 
glomerular filtration rate would fall below the 
so-called critical level and induce failure. How- 
ever, subsequent controlled experiments have 
incontrovertibly established that the renal tubule 
may operate independently of the glomerulus. 
For example, Davis and Howell, studying ascitic 
dogs, demonstrated that with filtration rates of 
150 per cent of normal, sodium retention may 
nonetheless remain maximal.'*!® 

Another interesting experiment is that re- 
ported by Frieden,'® whose dogs had normal fil- 
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tration rates after sodium depletion. These dogs 
were then given back the sodium which had been 
removed from them, and the glomerular filtra- 
tion rate rose as the sodium was being restored. 
Yet practically none of the sodium appeared 
in the urine. Barger and his associates have 
shown that dogs with valvular lesions exhibit a 
tendency to markedly increased renal tubular 
retention of a salt load very early in the course of 
their disease at a time when they are still well 
compensated and still hemodynamically entirely 
normal. Indeed, this retention is perhaps the first 
measurable defect.'’ It appears not to be asso- 
ciated with a reduction in the glomerular 
filtration rate. 

These studies establish the renal tubule as a 
second discrete regulator of sodium chloride and 
water balance. We have thus set the glomerulus 
and the tubule as the final two sites for this 
regulation. 

It has often been remarked that the kidney 
should be complimented on its intrinsic intelli- 
gence; yet for precise control of the amount and 
concentration of water and electrolyte in the 
body as a whole one might reasonably surmise 
that the kidney would have to receive messages 
from other stations. Let us now consider the 
known factors which act to modify this function 
of the glomerulus and the tubule. 

It would appear that the glomerular filtration 
rate may change from moment to moment be- 
cause of alteration in blood pressure and because 
of constriction or dilatation of afferent and effer- 
ent glomerular arterioles. Baroreceptors are 
known to exist in the arterial tree, and a system 
of checks and balances is probably in constant 
operation to adjust to various demands of the 
circulation. The glomerulus may be considered 
to be the end receptor which can be adjusted to 
meet these hemodynamic changes. 

The activity of the tubule, on the other hand, 
appears to be subject to modification chiefly by 
humoral agents. The hormones known to in- 
fluence this tubular activity include the anti- 
diuretic hormone of the neurohypophysis, which 
promotes water reabsorption, and the sodium- 
retaining steroids of the adrenal gland. Aldo- 
sterone is the most potent of these but hydro- 
cortisone, corticosterone, desoxycorticosterone, 
compound § and probably certain estrogens can 
also promote tubular reabsorption of sodium 
chloride. Still other naturally occurring sub- 
stances may also play a role. For example, 
noradrenalin, which is not considered to be 
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primarily concerned with electrolyte balance, 
may acutely modify sodium excretion. Smythe 
et al.'* have shown that this may occur without 
any measurable change in filtration rate. 

Both the glomerulus and the tubule appear to 
function adequately without neurogenic control, 
and no significant defects have yet been noted 
in the function of denervated or transplanted 
kidneys. 

One may now properly inquire, how does the 
kidney operate to preserve the steady state of 
body salt and water in normal subjects, and what 
are the mechanisms whereby glomerular and 
tubular activity are altered in states of edema 
formation? 

First, we all know that a chance in the sodium 
intake affects the kidney. Perera and Blood’’ 
have shown that the kidney is able to cut off 
sodium excretion when sodium is removed from 
the diet. This response can occur without change 
in the serum sodium concentration, and the 
means by which it is mediated have not been 
clarified. As will be discussed later, the response 
may perhaps be triggered by a change in body 
fluid volume or by a shift in the velationships of 
sodium and potassium. 

Let us consider some of the other factors that 
are known to modify the renal excretion of so- 
dium in the normal subject. Venous congestion 
usually produces a tendency for sodium reten- 
tion. These experiments, in general, have lent 
support to the so-called backward hypothesis. 
Some are summarized in Figure 2 in which 
some of the sites are shown where tourniquets 
have been applied to produce venous congestion. 
Bradley and Mudge demonstrated that a belt 
around the abdomen produced sodium reten- 
tion, and since then many other investigators, 
working on all parts of the body, have demon- 
strated that occlusion of the venous drainage 
invariably modifies sodium excretion. Blake 
and Wegria produced acute retention of sodium 
by inducing a specific increase in the renal 
venous pressure. Some of these workers reported 
changes in the glomerular filtration rate; others 
found no change. Again, as Dr. Gilman will 
subsequently show important changes in filtra- 
tion rate may escape detection. 

Thus it appears that when the effective cir- 
culation is reduced by a trapping tourniquet or 
by quiet standing, tilting or venesection, the 
kidney acts to restore the effective circulating 
volume by retaining the necessary aliquot of 
sodium and water. It is not certain, however, 
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whether these acute responses are hormonally or 
hemodynamically mediated to the kidney. Some 
of these experiments may be interpreted as sup- 
porting the so-called volume receptor concept. 
This concept emphasizes the extraordinary tend- 
ency of the body to sustain the amount of fluid 
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bathing and within the cells, at times at the 
expense of osmolarity of the body fluid. This 
effect is said by some to be mediated by adrenal 
or neurohypophysial activity, or both. 

Of interest in this connection are experiments 
by Strauss.*° He injected hypotonic solutions in- 
travenously into recumbent subjects and ob- 
served increased sodium excretion, despite a 
falling concentration of serum sodium. This did 
not occur in the seated subject. He postulated a 
receptor in the cephalad portion of the body, 
sensitive. to volume change. Indeed, Harrison 
and his group have reported sodium diuresis 
after cuffing the neck, and postulated a receptor 
in the head which modified sodium excretion. 
Other groups of workers have been unable to 
confirm this work, however. 

Ever since Loeb*! described the renal sodium 
and water loss and hemoconcentration of adrenal 
insufficiency in man, it has been appreciated that 
adrenal hormone activity might well act to 
promote sodium and water retention and thus 
maintain fluid volume. More recently, specific 
evidence has been presented, demonstrating 
that dehydration and overhydration may in 
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some way be an important stimulus for adrenal 
aldosterone secretion. However, no one has yet 
been able to isolate a specific volume meter from 
within the circulation, and it is not clear whether 
the sensitive volume involved is the total body 
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water, the blood volume or the extracellular 
volume. 

So much for this description of some of the 
acute adaptive responses of normal subjects. It is 
not known to what extent these phenomena are 
significant in chronic states of edema. 

In Figure 3 is summarized what happens when 
more prolonged venous congestion is produced. 
When venous congestion is sustained, edema 
formation does not continue unless the constric- 
tion is placed in the four areas where the check 
mark has been made. In all other areas the tran- 
sient sodium retention noted acutely gives way to 
a new equilibrium without progressive sodium 
retention. The data summarized suggest that 
hepatic congestion may be necessary, at least 
for experimental edema. At any rate, the venous 
pressure elevation must be present above the 
liver; even complete occlusion of the vena cava 
just above the kidneys does not, in the chronic 
experiment, lead to edema. 

With this diagram as a starting point, I should 
now like to focus more closely on the hormonal 
factors in edema. As pointed out in the discussion 
of the two classic theories of heart failure, neither 
increased venous back pressure nor reduction 
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in glomerular filtration rate always leads to 
sodium retention. What, then, do we know about 
the problem of hormonal control of the kidney? 

Let us consider first the antidiuretic hormone 
of the neurohypophysis, vasopressin, which acts 
to promote water reabsorption by the tubule. 
Many workers have reported increased anti- 
diuretic activity in the urine of patients with 
edema of all types,**~** especially the ascites of 
cirrhosis of the liver, and some have postulated a 
causal relationship. Shorr believed that VDM,* 
released by the anoxic liver, might account for 
the oliguria and water retention of edema by 
stimulating secretion of the antidiuretic hor- 
mone. In addition, it is not wholly clear whether 
sodium retention or water retention occurs first, 
although most of the evidence points to sodium 
retention as primary. 

To study these problems we have utilized a 
preparation which, I believe, fulfills the require- 
ments sought by Starling in 1910. Using an 
inflatable cuff developed by Dr. Jacobson of our 
surgical department, we can, in the conscious 
animal, make controlled observations during the 
onset and clearing of edema. The clamp is placed 
on the thoracic vena cava, above the liver. With 
occlusion of this vessel an immediate and sus- 
tained state of maximal sodium retention and 
massive, progressive edema occurs. 

Figure 4 illustrates what happens when this 
vessel is occluded. The urine sodium content falls 
precipitously from above 100 mEq. per twenty- 
four hours to practically zero, and this is asso- 
ciated with the appearance of large amounts of 
ascitic fluid. Note also the striking, immediate 
natriuresis which occurs following release of the 
occlusion. 

This technic was first applied to the study of 
dogs with diabetes insipidus. We soon found that 
massive, progressive edema could be formed in 
the almost complete absence of neurohypoph- 
yseal function, as confirmed by postmortem 
examination. The results of these studies are 
illustrated in Figure 5. One can see that the 
dog with diabetes insipidus retains sodium maxi- 
mally, just as the normal dog does. The edema 
formation differs only in that it is characterized 
by persistent polydipsia and polyuria and urine 
of low specific gravity.*° 

This experiment has led us to assign a second- 
ary role to the water-retaining hormone in the 
pathogenesis of edema. It remains entirely possi- 


* Vaso-depressor material. 


AMERICAN JOURNAL OF MEDICINE 


JER IN 
\\ 


Edema Formation 


constatras 
8007 
or 


nm 


| 
~ 


429 


RELEASE 


L 


90 #0 30 
oars 


Fic. 4. Production of reversible edematous state in a dog on constant NaCl 


intake. 


ble that overactivity of this hormone could ag- 
gravate edema formation by producing oliguria, 
retention of water in excess of salt, and hypo- 
natremia. However, the experiment suggests 
again that the retention of sodium chloride 
rather than the retention of water is of primary 
importance. 

Therefore, let us turn now to the sodium- 
retaining hormones. Some of the evidence that 
these hormones may be important has already 
been developed by inference. Additional clinical 
evidence is summarized as follows: (1) abnormal 
pattern of electrolytes of saliva, sweat, stool, 
urine (low sodium); (2) increased urinary excre- 
tion of steroids with salt-retaining activity can 
be correlated with edema and with degree of 
sodium retention: (3) diuresis of edema fluid 
may occur after bilateral adrenalectomy in the 
ascitic dog, in hypertensive and cirrhotic pa- 
tients; (4) edematous states can be produced 
by overdosage of salt-retaining steroid (only 
limited edema in “normal” subjects, who may 
escape this influence). 

Patients with edema exhibit an abnormal 
pattern of electrolytes in saliva, sweat, stool 
and urine. Indeed, they retain sodium in all 
areas. Again, this suggests a humoral effect. 
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Much of the credit for identifying this hor- 
monal factor in edema must go to Luetscher who, 
with Deming, in 1950 reported that extracts of 
human urine, when injected into adrenalecto- 
mized rats, produced significant sodium reten- 
tion in these animals. Luetscher continued his 
work, although at that time some investigators 
were willing to accept hydrocortisone as the sole, 
totipotent adrenal steroid. In a series of papers 
he reported consistently increased salt-retaining 
activity in the urine of patients forming edema 
from nephrosis, cirrhosis and cardiac failure.*° 

You probably all know the aldosterone story. 
This most powerful sodium-retaining hormone 
has been isolated from the adrenal glands, and 
the validity of Luetscher’s original observations 
with crude urinary extracts has been amply con- 
firmed by chemical technics. The new hormone 
may be secreted by the outer shell of the adrenal 
gland and is apparently not under anterior 
pituitary control. It has very little antiphlogistic 
activity. 

According to certain presently available 
bioassay methods, normal adult human sub- 
jects excrete about 1 to 4 ug. of active hormone in 
twenty-four hours, and this may increase to 
about 6 to 20 we. when such normal subjects are 
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given alow-sodium diet. Edematous patients ona 
low-salt diet may excrete much more; we have 
found as much as 600 ug. in one day’s urine 
from a patient with congestive failure. 

The role of the adrenal gland in edema forma- 
tion is further illustrated clinically by the fact 
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that in certain patients with edema (hyperten- 
sion, cirrhosis) diuresis occurs after adrenal- 
ectomy. However, the role of the adrenal gland 
is, perhaps, best illustrated by reviewing two 
important animal experiments, those of Davis 
et al. at Bethesda,'® and of Stahl*’ in Strasbourg. 
Stahl ligated the portal vein of dogs and, despite 
an enormous increase in portal vein pressure, 
ascites did not occur. He then produced marked 
chronic hypoproteinemia with a carrot diet. Still 
ascites did not develop. When desoxycorticoste- 
rone (DOC) was then administered, ascites 
rapidly appeared. 

Davis and Howell partially occluded the 
inferior vena cava above the liver and readily 
produced ascites of the type we have described 
in normal dogs. When the adrenal glands were 
then removed (Fig. 6), the ascites disappeared. 
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The dogs could then be maintained edema-free 
on maintenance doses of DOC. As this dose was 
gradually increased, sodium retention and 
edema recurred in proportion to the increase in 
dosage. The results obtained with DOC proba- 
bly are similar to those which would occur with 
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aldosterone. In addition, we have now measured 
aldosterone in dogs forming edema after liga- 
tion of the vena cava and found that it rises 
promptly in the urine as soon as edema forma- 
tion begins in these animals. 

In view of these experimental findings, one 
might ask, can edema be produced in normal 
subjects with large doses of aldosterone? The 
answer is, usually not. Some sixteen years ago, in 
this department, a disease syndrome was first 
described in dogs given daily doses of desoxy- 
corticosterone, by Kuhlman, Ragan, Ferrebee, 
Atchley and Loeb.** The disease was character- 
ized by polydipsia, polyuria, weakness, periodic 
paralysis (especially of the hindlimbs), metabolic 
hypokalemic alkalosis and hypertension. This 
interesting syndrome was generally considered 
to be another example of species variation of no 
human significance. However, about a year ago, 
soon after aldosterone was discovered, Conn** 
reported similar symptoms in a thirty-four year 
old woman who had the same abnormalities of 
electrolyte metabolism. These symptoms were 
all completely cleared by removal of an adrenal 
tumor containing large amounts of aldosterone. 
The condition was called primary aldosteronism. 
Already it appears that it is not quite as rare as 
was originally thought, and several cases have 
now been reported. Of interest to us is the fact 
that these patients do not, as a rule, exhibit 
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edema but seem to reach an equilibrium between 
sodium intake and output; that is, they “escape” 
from the sodium retaining effect of the hormone. 

The edemas are therefore examples of what 
one may call “secondary aldosteronism.” It 
seems that some disturbance of the normal 
circulatory relationships must usually be present, 
in addition to the adrenal factor, in order for 
edema to develop. Apparently some other proc- 
ess must be in force, operating locally to disturb 
the integrity of the circulation and to promote 
transudation. However, it is fair to say that 
significant edema will not occur unless the adre- 
nal is acting, and its activity (indeed, probably 
its overactivity) now appears to be more uni- 
formly essential for edema formation than any of 
the previously described factors (that is, hypo- 
proteinemia, venous back pressure, capillary 
damage, low glomerular filtration rate). Al- 
though adrenal activity is not primary, and 
heart failure obviously does not begin in the 
adrenal glands, under most circumstances there 
will not be much edema formation without 
adrenal activity. 

Finally, having placed the adrenal in this very 
important light, one might ask, what is the 
stimulus for this adrenal activity, and why is 
adrenal overactivity so often apparent in these 
edematous states of diverse origin? This ques- 
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tion cannot be adequately answered at present, 
but we do have some information. To begin 
with, it should be emphasized that the adrenal 
gland may not really be hypersecreting. Im- 
paired hormone degradation, probably due to 
hepatic congestion, may be one critical factor in 
heart failure, in cirrhosis, and certainly in the 
experiments with dogs that have been described. 

There has been considerable interest in the 
factors governing the rates of aldosterone secre- 
tion in normal subjects. The hormone appears to 
be largely devoid of anterior pituitary control. 
Luetscher showed that dietary restriction of 
sodium produces an increase in urinary excre- 
tion of the hormone. This occurs without change 
in the serum sodium concentration and the 
means by which it is mediated have not been 
clarified. 

Could this regulator of the electrolyte environ- 
ment be responding to some change in the 
electrolyte milieu? In the dog, we had observed 
a tendency for the serum potassium to be high 
under circumstances of sodium depletion.***' 
This finding is illustrated in Figure 7. Thus 
the sodium depleted animal becomes exquisitely 
sensitive to the same dose of potassium chloride 
which previously hardly influenced his serum 
level of potassium. This relationship led us to 
suspect that the effect of the low salt diet, as 
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observed by Luetscher, might be mediated by 
potassium changes.*? Figure 8 shows an experi- 
ment in a normal dog, which for the first eight 
days of the experiment had been fed a diet 
containing no sodium or potassium. Repeated 
analyses revealed that aldosterone was not 
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present in detectable amounts in the urine. How- 
ever, when potassium was given in the diet 
relatively sustained hyperkalemia developed in 
the animal and, in association with this increase, 
aldosterone was found in appreciable amounts 
in the urine. Experiments of this type have led 
us to believe that, at least under certain circum- 
stances, a rise in serum potassium may stimulate 
hormone secretion, and that the adrenal gland 
perhaps is directly sensitive to the potassium 
concentration of the circulating blood, acting to 
help restore normal sodium/potassium relation- 
ships in the body by promoting sodium retention 
and potassium excretion. 

In addition, in a large number of dogs we could 
find no correlation between the serum sodium 
concentration (from 110 to 165 mEq./L.) and 
aldosterone excretion, whereas there was such a 
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relationship between the serum potassium level 
and the urinary excretion of aldosterone. 

On the other hand, Liddle et al.** believe 
that the aldosterone output may respond directly 
to changes in the volume of the fluid spaces. ‘This 
concept is based upon the observation that the 
excretion of aldosterone tends to fluctuate in- 
versely with the degree of hydration. It is possible 
that these two views can be reconciled. The 
potassium ion is intimately related to the state of 
intracellular hydration, and changes in volume 
may well be associated not only with change in 
pressure, but also with significant shifts of elec- 
trolyte and water which could well escape 
detection. 

To what extent these stimuli are operating in 
disease is not known. In clinical edematous states 
there are no consistent abnormalities in the 
composition of body salts and water except for 
a general tendency towards reduction of osmo- 
larity of body fluid. The picture is often confused 
by poor intake and by therapy. There is, further- 
more, a paucity of information on the intra- 
cellular environment, where changes might be of 
more importance. In experimental edema, how- 
ever, it is clear that hyperkalemia is a rather 
consistent finding. Most states of edema are 
associated with an increased total blood volume. 
Furthermore, in experimental ascites character- 
ized by increased urinary aldosterone a sustained, 
large increase in plasma volume does not lead to 
sodium excretion as it does in the normal subject. 

Thus the factors implicated in the secretion of 
aldosterone are sodium deprivation, potassium 
loading and reduction in body volume. From the 
evidence available to date, it appears that the 
striking activity of urinary aldosterone in 
edematous states cannot be wholly accounted for 
by any of these three possible mechanisms. The 
administration of sodium, the restriction of po- 
tassium or the rapid infusion of fluid, all reduce 
urinary aldosterone in edematous subjects but 
the values are still much elevated above normal. 

Of course, the adrenal steroids which are 
under ACTH control, that is hydrocortisone 
(compound F) as well as compounds B and S$ 
and perhaps others, all have sodium-retaining 
activity and can, at times, tip the balance in the 
wrong direction. ACTH and cortisone have been 
observed to produce striking edema, even in 
presumably normal subjects. A similar tubular 
response may be observed with many other sub- 
stances: phenylbutazone, licorice, puromycin, 
Rauwolfia, tridione® and certain estrogens. 
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The ultimate goal for the clinician in the 
management of edema is to be able to modulate 
this tubular activity and thus to prolong the 
asymptomatic phase of the disease state. We do 
not yet fully understand what stimulates the 
adrenal gland, and we have no idea how any of 
these sodium-retaining substances operate at the 
renal tubular level. When we do, perhaps we 
will then be able to develop an agent which will 
more fully control the reabsorption of sodium 
chloride by the renal tubules. 

We now turn to Dr. Gilman, who will consider 
the problems of mobilization of edema fluid. 

Dr. Atrrep GitMAN: During recent years 
progress along three lines permits a more rational 
approach to the mobilization of edema fluid. 
First, there has been a better understanding of 
the pathologic physiology of edema formation, 
as presented to you by Dr. Laragh. Second, there 
has been a better understanding of the renal 
mechanisms of electrolyte excretion. Finally, 
there has been a better understanding of the 
mechanism of action of diuretic drugs. 

As Dr. Laragh has indicated, no theory of 
edema formation can ignore the major role of the 
kidney, so let us turn our attention there and 
examine the renal events in somewhat greater 
detail. 

It must be kept in mind that it is the work of 
the heart which produces the glomerular filtrate. 
In the normal, resting subject cardiac output is 
approximately 8,000 L. per day. Close to 25 per 
cent of this output goes to the kidneys. In other 
words, during a twenty-four-hour period the 
kidneys receive about 2,000 L. of blood, close 
to half of which is plasma. Approximately 18 
per cent of this plasma is filtered through the 
glomerular capillaries (filtration fraction). ‘Thus 
we produce about 180 L. of glomerular filtrate 
per day, or several times our body weight. It can 
be seen, therefore, that the formation of urine 
begins in a very prodigal manner. 

The tubules now have to go to work and re- 
claim most of the constituents of the filtrate. How 
is this accomplished? Here we come to one of the 
most common misconceptions of renal physiol- 
ogy. Most capillary transudates return to the 
circulation by simple diffusion due to osmotic 
forces. However, the glomerular filtrate is 
delivered to the renal tubules where it comes into 
contact with an epithelial membrane. Tubular 
reabsorption is achieved by active transport,***° 
a process which demands the expenditure of 
energy on the part of the renal tubular cells. 
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‘This applies to both proximal and distal tubules. 

There are many transport systems in the renal 
tubule. One that is very familiar is the transport 
system which operates in the reabsorption of glu- 
cose. It operates so efficiently that all glucose is 
removed from the glomerular filtrate, and the 
level of the glucose in the circulation has to be 
greatly elevated before glycosuria results. In 
other words, reabsorptive capacity greatly 
exceeds filtered load. However, we want to con- 
fine our attention to those transport systems 
which are involved in the reabsorption of extra- 
cellular electrolytes, primarily sodium chloride 
and sodium bicarbonate. How are these returned 
from the tubular urine to the extracellular fluid? 

I want to digress for just a moment to speak of 
the principles of electroneutrality. If a posi- 
tively charged ion is transported by the renal 
tubule, it must necessarily be accompanied by a 
negatively charged ion. Conversely, if a nega- 
tively charged ion is reabsorbed, it must be 
accompanied by a cation. It is not necessary to 
postulate a separate transport system for both 
ionic species. If chloride is reabsorbed, sodium 
would follow because of the electrostatic gradient 
that has been established. We cannot go into 
the evidence in very great detail but there is 
every reason to believe that the transport systems 
in the renal tubule are directed toward anionic 
reabsorption. As a matter of fact, to my mind it 
is almost axiomatic that transport is directed 
toward anions; otherwise, the kidney could never 
regulate acid-base metabolism. 

Everyone talks very loosely about the reab- 
sorption of sodium, but what would happen if 
renal transport were directed primarily toward 
the sodium ion? The anions would then follow 
and would be reabsorbed on the basis of their 
respective concentrations and mobilities. There 
would be no mechanism by which the kidney 
could regulate the chemical composition of the 
extracellular fluid, a function which it performs 
with such success. 

Let us look at some of the reabsorptive mecha- 
nisms and observe to what extent primary 
anionic reabsorption can be implicated. Let us 
start with the reabsorption of bicarbonate. 
(Fig. 9.) You are familiar with the recent 
theories of the mechanism of bicarbonate 
reabsorption. In the renal tubular cell there 
is a high concentration of carbonic anhydrase, 
the enzyme which catalyzes the hydration of 
CO:. Thus the CO, which results from the 
metabolic activity of the renal tubular cells, or 


434 
that which is brought to the kidney by the 
circulation, is rapidly converted to carbonic 
acid. The carbonic acid then dissociates to yield 
H+. The hydrogen ion from carbonic acid 
exchanges with sodium ion in the tubular urine, 
a process known as Ht — Na* exchange or H* 
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Fic. 9. The tubular reabsorption of bicarbonate. 


secretion. As a result of the secretion of H*, 
sodium bicarbonate in the tubular urine is con- 
verted to carbonic acid, which in turn breaks 
down to COs, and water. The Nat which ex- 
changes with H* combines with HCO;°~ in the 
renal tubular cell and returns to the extracellular 
fluid as sodium bicarbonate. It is true that in this 
process the primary event is the transport of 
cation. However, it is a process designed to 
return fixed cation to the circulation accom- 
panied by a specific anion, HCO;-. In this 
respect we can consider it as primary anionic 
reabsorption. 

What about other anions? In the case of phos- 
phate ion we know that there is a specific trans- 
port system and many of its characteristics have 
been defined. There is also a specific transport 
system for sulfate ion, although it has a very 
limited transport capacity. 

This brings us to the chloride ion, the most 
abundant anion of the extracellular fluid. Is 
there a chloride transport system? I think, by 
analogy, there must be. Indeed, there is con- 
siderable indirect evidence for the existence of a 
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specific chloride transport system. I want to show 
you an experiment that brings some evidence to 
bear on this problem. In the experiments de- 
picted in Figure 10 the homeostasis of potassium 
was being studied.** Dogs were given a very low 
potassium diet for one week, and water per os to 
promote a water diuresis. The purpose was to 
produce a situation in which the homeostasis of 
potassium would demand complete reabsorption 
of the ion by the renal tubule. At the peak of 
water diuresis the dogs were excreting very little 
electrolyte in their urine and U,V was practically 
zero. They were then given either large amounts 
of sodium chloride, a mercurial diuretic, or 
aminophylline. ‘The purpose was to promote 
chloride excretion. If reabsorption of cation were 
the primary event in the renal tubule, there is no 
reason to believe that an increased excretion of 
chloride would result in increased excretion of 
potassium, since these animals had to preserve 
potassium to maintain homeostasis. However, if 
anionic reabsorption were the primary event, 
the production of a chloruresis should re- 
sult in increased excretion of both sodium and 
potassium. 

In Figure 10 attention should be directed to 
the solid circles which represent the data from 
animals on the low-potassium diet. It can be 
seen that, in response to the chloruresis, sodium 
excretion increased from very low levels to ap- 
proximately 1,000 wEq. per minute. The rate of 
potassium excretion also increased. The solid line 
in the figure is not drawn to fit the data. Rather, 
it represents the ratio of the concentration of 
potassium to sodium in plasma. In other words, 
in response to chloruresis the excretion of both 
sodium and potassium was increased and the 
concentrations of these ions in the urine were in 
the same proportion as their concentrations in 
extracellular fluid. This is taken as evidence that 
the tubular reabsorption of chloride is primary 
and that monovalent cation follows passively. 

Two important facts emerge from this concept. 
First, if there is no specific reabsorptive system 
for monovalent cation, one can appreciate the 
importance of the tubular secretion of K* in the 
regulation of potassium homeostasis. Second, an 
experiment of this type points out why, in any 
diuresis in which large amounts of the water and 
electrolyte are excreted, the patient will sustain a 
potassium loss. 

With this brief background let us turn our at- 
tention to the kidney and see what the kidney 
normally does in order to maintain water and 
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electrolyte balance. Table 1 depicts the events 
that occur in a normal subject ingesting 10 gm. 
of sodium salts a day. In the daily glomerular 
filtrate of 180 L. there are approximately 1,600 
gm. of sodium salts. The normal urine volume of 
such a subject would be approximately 1 L. 
which would contain the ingested 10 gm. of salt. 
To achieve this balance the renal tubules reab- 
sorb 1,590 gm. of sodium salts and 179 L. 
of water. If this subject were to double his salt 
intake, he would also probably increase his 
water intake. The glomerular filtration rate 
and the composition of the extracellular fluid 
would show no appreciable change. In order to 
achieve balance, he would merely have to reduce 
the reabsorption of water to 178 L. and the 
reabsorption of sodium salts to 1,580 gm., a 
change of only a fraction of 1 per cent. It is 
obvious, therefore, that the reabsorptive capacity 
of the renal tubules is very great and a large 
amount of energy is being expended to return to 
the extracellular fluid compartment the large 
amounts of water and electrolyte which com- 
prise the glomerular filtrate. It is also evident 
that the reabsorptive capacity of the kidney has 
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to change very slightly to meet the exigencies of 
daily life. 

Let us consider the situation in heart failure. 
(Table 1.) The person with heart failure has a 
very much reduced plasma flow, down from 
1,000 to as little as 350 L. per day.'*** His 
glomerular filtration rate may not be propor- 
tionately reduced since, under these circum- 
stances, filtration fraction rises. However, it may 
be as low as 120 L. per day. In this volume of 
glomerular filtrate there would be approxi- 
mately 1,100 gm. of sodium salts. ‘Thus the sub- 
ject with heart failure would have to reduce his 
reabsorptive capacity to 1,090 gm. to achieve 
electrolyte balance with a salt intake of 10 gm. 


- This is a far greater reduction than is ever 


demanded under ordinary circumstances, and 
it is doubtful whether or not homeostatic mecha- 
nisms exist whereby the transport capacity of the 
renal tubules can be reduced to this extent. 
There is a second component to the edema of 
heart failure and other types of edema, as Dr. 
Laragh has indicated. Not only are the tubules 
presented with a greatly reduced load of sodium 
salts but there also appears to be increased 
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secretion of certain. steroids which augment 
rather than decrease the capacity of the tubule 
to reabsorb electrolytes. 

The abnormalities in renal function of the 
subject forming edema fluid may be described 
as glomerular-tubular imbalance. Glomerular- 


TABLE I 
BALANCE BETWEEN GLOMERULAR AND TUBULAR FUNCTION 
NECESSARY TO MAINTAIN EXTRACELLULAR ELECTROLYTE 


BALANCE 
| 
| Plasma | Glomerular, Tubular Urinary 
Flow Filtration | Reabsorption | Excretion 
Normal man, 10 gm. salt intake, 24 hours 
Water (1,000L.; 180 L. 179 L. IL. 
Sodium salts | | 1,600 gm. 1,590 gm. 10 gm 
Normal man, 20 gm. salt intake, 24 hours 
Water 1,000 L. 180 L. 178 L. 2L. 
Sodium salts 1,600 gm. 1,580 gm. 20 gm 
Heart failure, 10 gm. salt iniake, 24 hours 
Water 3 119 L. 
(10 gm.) 


Sodium salts | | 1,100 gm. (1,090 gm.) 


tubular imbalance is a condition in which there 
is such a discrepancy between filtered load and 
tubular reabsorptive capacity that the homeo- 
static functions of the kidney are compromised. 
In the situation under consideration, the filtered 
load has been so reduced and the reabsorptive 
capacity so increased that electrolyte reabsorp- 
tion is complete. 

How can one correct glomerular-tubular im- 
balance? First, the filtered load can be increased 
toward normal. That, of course, is the objective 
which has been achieved when a patient with a 
cardiac condition has been successfully digital- 
ized, normal cardiac output and renal blood flow 
restored, and a diuresis induced. Secondly, one 
can try to bring the glomeruli and tubules into 
functional balance by depressing the renal 
capacity to reabsorb electrolytes. This is 
achieved by the use of diuretic drugs. The really 
effective diuretics are those which act by depres- 
sing the active reabsorptive transport of electro- 
lytes by the renal tubules. Finally, there is a third 
device. If the kidney cannot excrete salt, one can 
achieve electrolyte balance by reducing electro- 
lyte intake either by dietary means or by the use 
of resins. Time does not permit a discussion of all 
these methods of approach, so let us confine our 
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attention to the depression of the renal tubular 
transport systems by drugs. Actually, we are 
going to limit our discussion to two types of 
diuretics, the mercurial diuretics and the in- 
hibitors of carbonic anhydrase. 

We have already mentioned the likelihood 


TABLE 
EFFECT OF MERCURIALS ON GLOMERULAR-TUBULAR 
BALANCE 


Before Drug 
Reabsorptive capacity................ 10 mEq./min. 

After Mercurial 
Reabsorptive capacity............... 9.0 mEq./min. 


Point of no return: 
Cl of 90 mEq./L. 


that the reabsorption of electrolytes in the renal 
tubules is directed toward the transport of 
anions. If a diuretic depresses a specific anion 
transport system, that particular ion will appear 
in abundance in the urine. Moreover, if the 
extracellular fluid sustains the loss of a particular 
anion, the composition of the extracellular fluid 
will be changed. 

Let us now examine the mercurial diuretics in 
view of these considerations. There is every rea- 
son to believe that mercurial diuretics depress 
the reabsorption of chlorides. One of the best 
pieces of evidence is the composition of the urine 
which results from mercurial diuresis. The urine 
contains predominantly sodium chloride.” If 
the urine contains chloride as the predominant 
anion, and the source of this chloride is the 
extracellular fluid, it follows that as the volume 
of extracellular fluid decreases, the concentration 
of bicarbonate will rise and the concentration 
of chloride will fall. Metabolic alkalosis results. 

Usually, the mercurials are given at intervals 
of several days. Their duration of action is meas- 
ured in hours. During the interval there is time 
for renal compensation to occur. This is achieved 
by the renal excretion of a urine containing 
sodium bicarbonate. 

What happens if mercurials are administered 
more intensively (Table m) and the opportunity 
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for renal compensation does not occur? Let us 
consider a person who has a chloride concentra- 
tion in the extracellular fluid of 100 mEq./L. 
and a glomerular filtration rate of 0.1 L. per 
minute. The chloride load being delivered to the 
tubules (glomerular filtration rate times con- 


TABLE tt 


EFFECT OF DIAMOX ON GLOMERULAR-TUBULAR BALANCE 
Before Drug 
Reabsorptive capacity............... 2.5 mEq./min. 
0 
After Diamox 
Reabsorptive capacity............... 1.5 mEq./min. 


Point of no return: 
HCO;~ of 15 mEq./L. 


centration) will be 10 mEq./minute. If this 
person has a tubular reabsorptive capacity of 10 
mEq./minute, he will excrete no chloride. He 
will be in balance between the load and reab- 
sorptive capacity. If a mercurial diuretic is now 
given and the reabsorptive capacity reduced 
from 10 to 9 mEq./ minute, brisk diuresis would 
ensue. If successive doses of the diuretic were 
administered, allowing no time for renal com- 
pensation, the concentration of chloride in 
extracellular fluid would steadily fall until it 
reached a level of 90 mEq./L. At this point there 
would again be a balance between load and 
reabsorptive capacity. This person is now “‘re- 
fractory”’ to the mercurial diuretics. The kidney 
is not refractory. Tubular transport systems 
remain depressed. However, the load has been so 
reduced that a point of no return has been 
reached. 

Let us look at the situation as it applies to a 
carbonic anhydrase inhibitor such as diamox.* 
(Table m.) Diamox inhibits the reabsorption of 
bicarbonate, and the urine excreted in response 
to diamox contains predominantly sodium 
bicarbonate. If bicarbonate is selectively re- 
moved from extracellular fluid, the concentra- 
tion of chloride in extracellular fluid rises and 
that of bicarbonate falls. The end result is a 
metabolic acidosis. However, the duration of 
action of diamox is approximately six hours. If 
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the drug is given once daily, there is sufficient 
time for renal compensation to prevent the 
development of persistent acidosis. However, 
what happens (Table mm) if diamox is admin- 
istered at intervals so frequent that renal com- 
pensation does not occur? 

Let us consider a person who has a bicar- 
bonate concentration in the extracellular fluid 
of 25 mEq./L. and a glomerular filtration rate of 
0.1 L. per minute. The bicarbonate load being 
delivered to the tubules will be 2.5 mEq./ 
minute. If this person has a tubular reabsorptive 
capacity of 2.5 mEq./minute, he will be in 
balance between load and reabsorptive capacity 
and will excrete no bicarbonate. If diamox is 
now given and the reabsorptive capacity re- 
duced from 2.5 to 1.5 mEq./minute, a diuresis 
would ensue. However, if successive doses were 
given without opportunity for renal compensa- 
tion, the extracellular bicarbonate concentra- 
tion would fall to 15 mEq./L. At this point 
there would be a balance between the reduced 
load and reduced reabsorptive capacity. The 
point of no return has been reached. 

What will happen with combined administra- 
tion of these two diuretics? Diamox promotes the 
excretion of a urine which contains sodium bi- 
carbonate and causes a rise in plasma chloride 
and a fall in plasma bicarbonate. Mercurial 
diuretics promote the excretion of a urine which 
contains sodium chloride and causes a rise in 
plasma bicarbonate and a fall in plasma 
chloride. Put the two together and a normal 
electrolyte pattern in extracellular fluid can be 
maintained. 

I am not advocating that these two agents 
always be used together. However, the internist 
has the tools at his command whereby he can 
promote rapid mobilization of edema fluid and, 
at the same time, prevent the occurrence of 
distortions in the composition of the extra- 
cellular fluid. Thus if one wants to achieve a 
rapid mobilization of edema fluid without re- 
sorting to rest periods, the development of 
tolerance can be anticipated and can be avoided 
by controlling with appropriate drugs the 
anionic composition of the extracellular fluid. 
Many of you may say, ““This is all very well from 
a theoretic point of view, but what about actual 
practice?”> Many an internist says to me, 
‘**Diamox looks fine theoretically but practically 
we find it is not as effective acutely or in the long- 
term control of the edematous individual as 
mercurials.”’ 
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| think there are two reasons why a carbonic 
anhydrase inhibitor is less effective than a 
mercurial for maintaining an edema-free state. 
In the first place, the load of bicarbonate de- 
livered to the tubule is much less than that of 
chloride. If both transport systems were de- 


Extracellular Tubular Cell Tubular Urine 


Fluid 
Na*-HCO,” 
H* 
Nat- HCO;- HCO;-- H’* HCO,” 
Na* 
H.O + CO, 


Na*- Na*- HPO,” 


Na* Na*- H2PO, 
H+ Nat- Cl- 
Nat- HCO;- —HCO;-- H+ 
Na* H- Cl 
NH; 
NH; 
NH,*- Cl- 


Fic. 11. Renal compensation for metabolic acidosis. 


pressed proportionately, one would expect only 
one-quarter of the diuresis from the inhibition 
of bicarbonate transport that should be obtained 
from the inhibition of chloride transport. 

However, there is another, more important 
explanation that has to do with the mechanism 
for compensation of the distortion of the com- 
position of the extracellular fluid. If a metabolic 
acidosis is produced by the administration of 
diamox, compensation can _ theoretically be 
achieved in either of two ways. The renal excre- 
tion of sodium chloride and an isosmotic equiva- 
lent of water would both reduce the volume of 
extracellular fluid and restore its normal chemi- 
cal composition. However, metabolic acidosis is a 
potent stimulus for the renal secretion of H*. 
The secreted is derived from H*+-HCO,;° in 
the tubular cells. As the result of the exchange of 
H* in the renal tubular cell with Na* in the 
tubular urine, sodium bicarbonate is_ re- 
absorbed, as previously described. In addition, 
the fixed cation retrieved from the urinary buffers 
is returned to the extracellular fluid as NaHCQOs. 
Furthermore, by this process fixed cation can be 
retrieved from neutral salts, due to the renal 
synthesis of NH;. This cation is also returned 
to the extracellular fluid in association with 
bicarbonate anion. These familiar events are 
depicted in Figure 11.*!:* 
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In compensating for metabolic alkalosis the 
kidney does just the opposite. The secretion of 
H* is decreased. As a result, NaHCO, is in- 
completely reabsorbed and is excreted in the 
urine. Moreover, the urinary buffers are not 
acidified and are excreted with their full 
complement of fixed cation. The important point 
is that in compensating for metabolic acidosis 
the kidney conserves fixed cation and returns 
it to the body, a process that can augment extra- 
cellular fluid volume. In compensating for 
metabolic alkalosis the kidney excretes fixed 
cation thereby reducing extracellular volume. In 
other words, the compensation of a mercurial- 
induced alkalosis is in itself a fluid-mobilizing 
mechanism. However, this concept in no way 
detracts from the importance of the carbonic 
acid inhibitors in making a refractory patient 
already in alkalosis rapidly responsive to 
mercurials. 

I do not want to leave you with the thought 
that the carbonic anhydrase inhibitors are the 
only drugs available to correct or prevent distor- 
tions in extracellular fluid from the intensive use 
of mercurial diuretics. You are all aware of the 
effects of ammonium chloride in potentiating 
mercurial diuresis. Let us give some thought to 
the mechanism. The following reactions are 
very familiar but their implications are often 
overlooked: 


NH,Cl — Urea + HCI 
HC! + NaHCO, —) NaCl + CO, co H.O 


The COs, derived from HCO,;-, is excreted by 
the lungs. NH,* is converted to urea. Although 
NH,*-Cl~ is a highly ionized neutral salt, it 
does not add to the total fixed ion content of the 
extracellular fluid. Despite the fact that one is 
giving a cation, NH,*, and an anion, ClI-, in the 
body a labile cation, NH,*, and a labile anion, 
HCO,-, disappear. The end result is a change in 
the composition of the extracellular fluid, 
namely, an increase in the concentration of Cl~ 
and a decrease in that of HCO;~. However, the 
volume of extracellular fluid remains unchanged 
since the total ionic content has not been 
increased. 

As a result of the hyperchloremia produced 
by the administration of NH,Cl, the filtered 
chloride load is increased. The depression of 
chloride transport by mercurial diuresis now 
results in greater excretion of water and elec- 
trolyte and more effective mobilization of edema 


AMERICAN JOURNAL OF MEDICINE 


i 


Edema Formation 


fluid. By the continuous concomitant administra- 
tion of mercurials and NH,Cl, the development 
of alkalosis and refractoriness can be prevented 
and maximal responsiveness maintained. More- 
over, there is some evidence that acidosis per se 
may potentiate the action of mercurial diuretics. 

Let me also remind you that cation exchange 
resins are also acidifying agents.** When a resin 
in the hydrogen or ammonium cycle exchanges 
with sodium in the intestinal tract, it not only 
binds and prevents the absorption of sodium but 
also forms HCI or NH,Cl. The effect on the 
composition of the extracellular fluid is the same 
as that resulting from oral ingestion of these 
substances. 

In conclusion, I would like to leave you with 
the following thought. I have limited my discus- 
sion to basic physiologic-pharmacologic con- 
cepts. However, they provide the foundation for 
rewarding therapeutic concepts. Today the 
physician has at his disposal more agents than 
ever before for the management of the patient 
with edema. For example, he has _ purified 
cardiac glycosides for the treatment of myo- 
cardial decompensation. He has a wide choice of 
‘diuretic drugs with different mechanisms of 
action. He has more efficient ways of restricting 
salt intake, with the advent of cation exchange 
resins, and the cooperation of the food ‘manu- 
facturers. But perhaps most important is the 
fact that our understanding of the pathologic 
physiology of edema formation, of the physiology 
of the kidney, and of the mechanism of action 
of diuretic drugs is rapidly expanding, and this 
provides the opportunity to correlate pathologic 
physiology with drug therapy. In the last 
analysis, this is the only way to devise a sound 
therapeutic regimen. 

The physician who has a fixed, routine pro- 
cedure for the management of cardiac edema, 
or any other type of edema, and who is remiss 
in determining the optimal regimen for an 
individual patient, is either endangering that 
patient or subjecting him to unnecessary dis- 
comfort and deprivation. 

Dr. LarRAGuH: Are there any questions? 

Strupent: I think you said that sodium 
depleted dogs tend to have a high serum potas- 
sium. What is the mechanism of this? 

Dr. LaraGu: Yes, it is certainly true that 
sodium depleted subjects exhibit a tendency to 
hyperkalemia—indeed, we have found that it 
can be quite hazardous to administer potassium 
to salt depleted patients. Our balance studies 
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in hyponatremic patients and in dogs suggest 
that there is no gross inability to excrete potas- 
sium. We are studying this phenomenon further 
but it seems probable that hyponatremic pa- 
tients are unable to retain potassium within the 
cells. 

Dr. J. Henstey: I have never been 
quite clear about this glomerular-tubular im- 
balance. After all, there are many circumstances 
in which the filtration rate may be reduced to 
levels far lower than those seen in heart failure. 
For example, this occurs with vigorous excerise 
or in mild shock, yet these conditions do not lead 
to retention of salt and water. If reabsorptive 
capacity can be sufficiently reduced in these 
circumstances, why can it not similarly compen- 
sate in heart failure? 

Dr. GitmMan: With reference to the specific 
circumstances you mentioned, it should be 
pointed out that vigorous exercise is usually 
accompanied with a diminution in salt excretion, 
which is compensated for in rest periods. In 
shock there is usually a considerable amount of 
renal anoxia, which may interfere with tubular 
function. Finally, may I remind you of the many 
factors discussed by Dr. Laragh which alter the 
tubular reabsorption of salt and which thus may 
either correct or cause a glomerular-tubular 
imbalance. 

Dr. Epwin P. Maynarp: I wonder if Dr. 
Gilman would comment on other factors which 
may render a person refractory to mercurials. It 
seems to me we often encounter this problem in 
patients with normal serum chloride levels who 
have been given mercurials only intermittently. 

Dr. Gi_Man: It is important to remember that 
the amount of salt presented to the tubules for 
reabsorption is not only a function of the serum 
level but also of the filtration rate. Progressive 
decreases in glomerular filtration may so dimin- 
ish the load that even under the influence of 
mercurials the tubules can still reabsorb all the 
chloride in the filtrate. 


SUMMARY 


Dr. Ricuarp J. Cross: Edema is a clinical 
sign encountered in a number of different dis- 
eases, but its progressive accumulation is always 
accompanied by certain physiologic changes. 
Recent research has shed considerable light on 
the vexing question of which of these changes 
contribute to, and which result from, edema 
formation. Local factors such as the permeability 
of the capillary wall and the interrelationships of 
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capillary, oncotic, tissue and lymphatic pressures 
are of considerable importance in many types of 
edema, particularly in determining the distribu- 
tion of the fluid. But attempts to explain progres- 
sive fluid accumulation solely in terms of these 
local changes have failed to account for all the 
observed facts, and it has become increasingly 
apparent that hormonal and other factors affect- 
ing the kidney play a major role. 

Since the salt and water appearing in the 
urine normally represents less than 1 per cent 
of that filtered by the glomerulus, it is evident 
that very small percentile changes in glomerular 
filtration may Cause great alterations in fluid and 
electrolyte excretion, if tubular reabsorption 
remains unchanged. But there is good evidence 
that, at least under certain circumstances, the 
renal tubules show an amazing capacity to adapt 
to striking changes in glomerular filtration. The 
reabsorption of salt and water by the renal tubule 
is influenced by many hormones, but the most 
important of these would seem to be aldosterone. 
Increased amounts of this hormone are almost 
invariably present in the urine of edematous 
patients or of animals in which progressive 
edema formation has been induced. It is not yet 
clear whether this results from increased 
production of the hormone by the adrenal 
gland or whether it reflects decreased destruc- 
tion by the congested liver. 

The formation of edema can theoretically be 
controlled by (1) increasing glomerular filtra- 
tion, (2) reducing tubular reabsorption, or (3) 
limiting the dietary intake of sodium. The second 
of these measures can best be attained by the use 
of certain agents which interfere with the tubular 
reabsorption of particular anions. Sodium, the 
most abundant cation, accompanies these anions 
into the urine, and diuresis ensues. Thus 
mercurials apparently act by diminishing the 
reabsorption of chloride ions. Prolonged admin- 
istration of this agent tends to produce a hypo- 
chloremic alkalosis and diminished responsive- 
ness to the drug. Diamox, on the other hand, 
is effective as an inhibitor of carbonic anhydrase, 
thus interfering with the reabsorption of bi- 
carbonate ions. Its continuous administration 
tends to cause a metabolic acidosis. By proper 
combination of these two diuretics the internist 
should be able to obtain prompt diuresis without 
disturbing the patient’s acid-base balance. Many 
other drugs are also available to meet particular 
requirements but their intelligent use requires 
an understanding of the physiology of edema 
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formation and of the mechanisms of action of 
diuretic agents. 
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HE patient (No. 264404), a fifty-four year 
‘Doig white hotel owner, was admitted to 
Barnes Hospital for the first time on December 
12, 1955, and died on December 28, 1955. The 
chief complaints were “liver trouble’’ and bleed- 
ing of five months’ duration. 

The patient had been essentially well until 
July of 1955, when he began having dull, incon- 
stant pain in the left anterior portion of the chest 
and pain in the left upper quadrant of the ab- 
domen which was unrelated to effort or position 
but sometimes was associated with ingestion of 
fatty foods. His appetite remained good. He 
began to feel weak and “run down.” He had 
frequent severe night sweats but gave no history 
of chills or fever. Shortly after onset of these 
symptoms he was admitted to a hospital in his 
home town where a diagnosis of “liver trouble” 
was made and he was treated with iron, vitamins, 
gelusil® and hydro-bilein.® The symptoms re- 
mained unchanged and a month later he noted 
the onset of petechiae on his legs and three to 
four very dark, soft bowel movements per day. 
He was readmitted to a hospital where the 
platelet count was found to be 3,000 per cu. mm. 
and a questionable abnormality was noted 
on proctoscopic examination. Roentgenograms 
of the upper and lower gastrointestinal tract were 
said to show no abnormality. A retention of 24 
per cent bromsulphalein after thirty minutes was 
noted. An alkaline phosphatase determination 
was at the upper limits of normal. The remaining 
liver function tests were said to have given nor- 
inal results. Therapy consisting of prednisone, 
10 mg. per day, was started. However, the 
petechiae became more widespread, the patient 
continued to have intermittent melena and often 
bled from the gums. During the five months prior 
to admission the patient gradually lost 19 pounds 
and the family doctor noted that his liver was 
gradually enlarging and was nodular. The pa- 


tient denied jaundice, pruritis, nausea and vomit- 
ing and any noticeable lymph node enlargement. 

On rare occasions the patient was known to 
have taken 6 bromoquinine capsules per day. 
Otherwise the past history, system review and 
family history were non-contributory. 

Physical examination at the time of admission 
revealed the temperature to be 37.4°c., pulse 
86 and regular, respirations 18, and blood pres- 
sure 120/80 (right arm supine). The patient 
appeared well developed, moderately obese and 
chronically ill. Ecchymoses of varying size and 
petechiae were scattered over the entire body 
and were most marked below the knees. One 
small, movable, firm, lymph node was noted in 
the left axilla. A recent episcleral hemorrhage 
was noted in the right eye as well as a small 
flame-shaped hemorrhage in the left retina. Old 
crusted blood was seen in the nares bilaterally, 
and blood blisters and palatal petechiae were 
noted in the mouth. The neck was supple. 
Examination of the lungs revealed that both 
diaphragms moved well and that the lung fields 
were clear to auscultation except for a patch of 
fine, moist inspiratory rales in the left mid- 
axillary region. Examination of the heart re- 
vealed the point of maximum impulse to be in 
the fifth intercostal space 2 cm. beyond the left 
mid-clavicular line. Heart sounds were normal 
and no murmurs were heard. The abdomen was 
somewhat obese but bulging in the left upper 
quadrant was apparent. In the left epigastrium 
could be felt a hard mass with a rough surface 
and smooth sharp edges that descended slightly 
with respiration; it was possible for the examiner 
to get his fingers beneath the edge of the mass. 
In the right upper quadrant of the abdomen an 
ill-defined mass was noted on which a sharp edge 
was not felt. This mass was somewhat softer 
than the mass in the left epigastrium. Although 
the spleen was not palpable, the area of dullness 
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to percussion over the splenic area was thought 
to be slightly enlarged. No dilated veins were 
noted on the anterior abdominal wall. The bowel 
sounds were normal. The genitalia were normal. 
Examination of the rectum revealed fair sphinc- 
ter tone, no hemorrhoidal tags, no masses and a 
prostate gland that was moderately enlarged, 
firm and smooth. The extremities revealed 1 plus 
pitting edema of both ankles. The peripheral 
pulses felt normal. The neurologic examination 
revealed no abnormalities. 

Laboratory data were as follows: hemoglobin 
9 gm. per cent, red blood cell count 2.69 million 
per cu. mm., packed cell volume 29 per cent, 
mean corpuscular volume 108 cu. yu., mean 
corpuscular hemoglobin 33 gamma gamma, 
mean corpuscular hemoglobin concentration 
31 per cent. Reticulocyte count was 21.8 per 
cent. Platelet count varied between 0 and 3,000 
per cu. mm. White blood cell count 12,700 per 
cu. mm.; differential count: 13 bands, 80 seg- 
mented forms, 2 lymphocytes and 5 monocytes. 
There was 1 plus anisocytosis. Silicone clotting 
time was sixty minutes. No clot retraction was 
noted after twenty-four hours. Bleeding time 
(Ivy) was greater than 5 minutes. (The test was 
stopped because of the development of a hema- 
toma.) Urinalysis revealed a specific gravity of 
1.024, reaction 5.5, protein negative, sugar 
negative, microscopic 12 to 15 red blood cells per 
high power field. The stool was guaiac positive. 
Blood cardiolipin and direct Coombs’ test were 
negative. Platelet agglutinins were demon- 
strated. Non-protein nitrogen was 31 mg. per 
cent, fasting blood sugar 82 mg. per cent, 
prothrombin time 100 per cent of normal, total 
protein 5.4 gm. per cent, albumin 3.8 gm. per 
cent, globulin 1.6 gm. per cent, cephalin 
cholesterol flocculation + —, thymol tur- 
bidity 4 units, van den Bergh 2.1 mg. per 
cent (0.8 mg. direct and 1.3 mg. indirect), 
acid phosphatase 0.9 units, alkaline phosphatase 
7.4 units, serum cholesterol 237 mg. per cent, 
amylase 73 mg. per cent, uric acid 7.6 mg. per 
cent, calcium 9.8 mg. per cent, phosphorus 3.6 
mg. per cent, sodium 138 mEq./L., potassium 
4.2 mEq./L., carbon dioxide combining power 
27 mEq./L., chloride 99 mEq./L. A “metastatic 
series’’ was interpreted by the radiologist as 
showing a soft tissue mass in the mid-upper por- 
tion of the abdomen, pneumonitis of the right 
lower lung, and hepatomegaly. Intravenous 
pyelograms were interpreted as being indetermi- 
nate for both renal collecting systems. Hepato- 
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splenomegaly as well as hypertrophic osteo- 
arthritis of the lumbar spine were demonstrated 
on the films. A gastric fill-up was done and was 
interpreted as showing extrinsic pressure causing 
deformity of the anterior gastric wall, probably 
due to enlargement of the liver. A barium enema 
was performed and the results were not entirely 
conclusive. A questionable constrictive narrow- 
ing was noted in the distal ascending colon which 
suggested the possibility of spasm, fecal material 
or constricting carcinoma. Diverticulosis of the 
descending and sigmoid colon were also seen. 

Shortly after admission to the hospital the 
patient began to pass dark, bright colored blood 
through the rectum. Prednisone therapy was 
started using 40 mg. per day. On the third 
hospital day the dose was increased to 100 mg. 
per day. Following this increase in dosage rectal 
bleeding diminished markedly. A sigmoidoscopic 
examination failed to reveal either a mass or 
bleeding points. A biopsy specimen was taken of 
a more nodular-appearing ecchymotic area near 
the umbilicus, and the pathologic interpretation 
of this specimen was “‘purpura.”’ Thrombocyte 
counts showed a very slight increase while 
the patient was on prednisone therapy and 
reached 37,000 per cu. mm. on the eleventh day 
of hospitalization. It was deemed advisable that 
a splenectomy be performed in order to control 
the bleeding. Consequently, on the fifteenth day 
of hospitalization an exploratory laparotomy 
and splenectomy were performed. Postopera- 
tively the patient did poorly. Most of the time 
he was semi-comatose. The pulse and blood 
pressure were unstable, the latter frequently 
dropping to shock levels and responding to 
transfusions of whole blood. On examination the 
patient was found to have a distended, quiet 
abdomen with marked generalized tenderness 
over the abdominal wall and dullness in the 
flanks. The thrombocyte count following surgery 
rose to 104,000 per cu. mm. and _ following 
administration of 7 units of whole blood during 
and tollowing surgery the hemoglobin rose from 
9.4 gm. per cent to 11.4 gm. per cent. During 
the postoperative period oliguria was noted. 
Twenty-six hours after surgery the patient’s 
blood pressure dropped to shock levels and did 
not respond to rapid infusion of whole blood. 
Shortly thereafter he died. 


CLINICAL DISCUSSION 


Dr. Epwarp REINHARD: Dr. Powers, will you 
review the roentgenographic findings? 


‘ 
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Dr. WittiAmM Powers: Roentgenograms of the 
chest were unremarkable, although the dia- 
phragms were somewhat elevated. Some infiltra- 
tion was noted in the right lung field which was 
interpreted as being due to compression rather 
than pneumonitis. The gastrointestinal series 
revealed the stomach to be normal. However, a 
large mass, believed to be an enlarged liver, 
displaced the stomach posteriorly and to the left. 
A smaller mass was noted to the left of the 
stomach which was believed to represent en- 
largement of the spleen. The pattern of the small 
intestine was normal. A barium enema was done 
which revealed multiple diverticula along the 
distal descending colon and sigmoid colon. The 
large bowel canalized to the region of the trans- 
verse colon, but canalization could not be 
carried further. The patient was allowed to 
evacuate and a repeat enema was attempted 
with canalization to the cecum. In the distal 
ascending colon, an area of narrowing suggested 
the possibility of carcinoma in this region. A 
repeat barium enema again revealed multiple 
diverticula in the descending colon as well as one 
diverticulum in the colon on the right side. The 
evacuation film did not demonstrate the area 
of narrowing as distinctly as on the previous 
examination, perhaps because this region of the 
colon may have been concealed behind the 
hepatic flexure. These observations were inter- 
preted as representing possible carcinoma of the 
ascending colon. A repeat barium enema was 
suggested. 

Dr. ReinHARD: The patient had moderately 
severe anemia with a reticulocyte count of 21.8 
per cent. The mean corpuscular volume was 
increased as would be expected from the marked 
reticulocytosis. [The mean corpuscular hemoglo- 
bin concentration was at the lower limit of nor- 
mal rather than decreased, as would perhaps 
be expected, but this finding can probably be 
explained by the fact that the patient had 
received iron therapy for several months. While 
in the hospital the stools gave positive results 
to the guaiac test. The presence of guaiac posi- 
tive stools, coupled with the history of black 
stools prior to institution of iron therapy, 
seem to establish that the patient had anemia 
that was due, in part at least, to blood loss. 

Dr. Moyer, let us assume that the patient had 
a tumor somewhere in the abdomen or in the 
retroperitoneal area and that it was bleeding. 
Would you list in the order of frequency the 
types of tumors that would have to be considered 


on a purely statistical basis, disregarding the 
patient’s symptoms and signs. What are the 
lesions arising in the abdomen that would com- 
monly cause blood loss and iron deficiency 
anemia? 

Dr. Cart Moyer: Carcinoma of the stomach, 
first. Carcinoma of the colon, second. 

Dr. REINHARD: Among the several types of 
carcinoma that were considered in this case, 
carcinoma of the pancreas was regarded as a 
distinct possibility. Does bleeding sometimes 
occur from carcinoma of the pancreas? 

Dr. Moyer: Bleeding can occur in carcinoma 
of the pancreas after erosion into the duodenum, 
but that is very rare and usually occurs during 
the terminal period. 

Dr. REINHARD: Is the bleeding always due to 
erosion? In these patients does bleeding into the 
duct system ever occur? 

Dr. Moyer: No, I have never seen bleeding 
into the pancreatic duct. 

Dr. RemnHARD: Does bleeding occur from 
carcinoma of the gallbladder? 

Dr. Moyer: With extreme rarity. 

Dr. RetnHARD: For all practical purposes, 
therefore, the two main lesions to consider would 
be tumors of the stomach and colon. Is it true 
that in cases of carcinoma of the ascending 
colon bleeding is more apt to occur while in 
cases of carcinoma of the descending colon ob- 
struction is more apt to occur? 

Dr. Moyer: In those on the left obstruction is 
more apt to occur. In those on the right side 
bleeding is more apt to occur, which produces 
anemia. 

Dr. ReinHarp: Dr. Moore, as hematologists 
we are often confronted with patients who have 
hypochromic microcytic anemia, in whom no 
evidence of outward bleeding can be found, 
in whom the stools give a negative reaction to the 
guaiac test and in whom the gastrointestinal 
series gives negative results. Should pyelograms 
be obtained under such circumstances? In the 
absence of gross hematuria, can a patient lose 
enough blood through the kidneys to produce 
iron deficiency anemia? 

Dr. Cart V. Moore: The answer to that 
question is an unequivocal yes. It is unusual, but 
I have seen at least two or three persons in whom 
a diagnosis of carcinoma of the kidney with 
ulceration was ultimately established, who were 
unaware of any hematuria and in whom no 
gross hematuria was detected during hospitaliza- 
tion. Nevertheless they had severe iron defi- 
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ciency anemia. One has to assume that usually 
only enough blood is lost to cause microscopic 
hematuria, but I have always suspected that epi- 
sodes of greater bleeding went unrecognized. 

Dr. Reinnarp: I have seen similar patients 
on at least two occasions. These persons ulti- 
mately proved to have renal cell carcinomas with 
hypochromic anemia as one of the first mani- 
festations of the disease. Carcinoma of the left 
kidney was considered a possible diagnosis when 
the patient was first admitted to the hospital, 
but I believe that most observers thought that a 
tumor of the kidney was certainly a very un- 
likely diagnosis. Dr. Moyer, do you believe that, 
having taken all the data into consideration, we 
may make a fairly definite diagnosis of car- 
cinoma of the colon? 

Dr. Moyer: No. 

Dr. Reinnarp: Would vou put this diagnosis 
down as your first choice? 

Dr. Moyer: Considering the history and 
physical findings, | would not. | would consider 
a retroperitoneal tumor or one of the pancreas as 
being more likely. However, some tumors of the 
colon are difficult to demonstrate with roent- 
genograms, especially carcinomas of the distal 
colon. Consequently, I believe a repeat barium 
enema was indicated. 

Dr. Reinnaro: | would certainly agree that a 
repeat barium enema was indicated. If the pa- 
tient had carcinoma of the ascending colon, it 
would be necessary to look elsewhere for an ex- 
planation of the pain in the left upper quadrant 
of the abdomen and the left lower chest. I would 
like to ask you another question, Dr. Moyer. 
If this patient did have a carcinoma of the 
ascending colon with metastatic disease of the 
liver, could the metastases account for the pain? 
How often does pain occur from metastases to 
the liver? 

Dr. Moyer: Severe pain is very rare. 

Dr. ReiInHARD: You would not wish, there- 
fore, to attribute whatever symptoms the pa- 
tient had to metastatic disease of the liver. You 
would be more inclined to ascribe this pain to a 
tumor of the pancreas or some other retro- 
peritoneal tumor. 

Dr. Moyer: That is correct. The pancreas or 
other retroperitoneal structures. 

Dr. Retnnarp: Would you tell us more about 
the type of pain complained of by a patient with 
carcinoma of the pancreas. Is this type of pain 
characteristic? 

Dr. Moyer: The pain of carcinoma of the 
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pancreas is not characteristic, except that it 
occurs especially during the night hours, usually 
after two or three o'clock in the morning, and 
wakes the subject. During the day the person is 
often free from pain. For that reason and because 
of the usual vagueness of the physical signs, 
roughly one third of all persons with tumors of 
the upper portion of the abdomen are seen 
by psychiatrists and their problems treated 
as psychosomatic ones before the lesion is 
discovered. 

Dr. Moore: Dr. Reinhard, | wonder if Dr. 
Moyer would amplify his statement about pain 
accompanying metastatic lesions to the liver. 
It is my impression that the type of person in 
whom pain is most likely to develop is one in 
whom metastases develop just below the surface 
of the liver so that Glisson’s capsule is stretched. 
It was thought, from the physical examination, 
that this man had nodules just underneath the 
capsule. 

Dr. ReinHARD: If the onset of the pain had 
occurred within just a month or so, would you 
then be willing to attribute the pain to stretch- 
ing of the capsule of the liver? 

Dr. Moyer: If the pain had been on the right 
side of the lower chest or upper abdomen I 
would. But this was left-sided pain. I have 
not seen persons with massive involvement of the 
left lobe of the liver who had pain on the left 
side when the right lobe was normal in size. 

Dr. Reinnarp: Dr. Shank, have you had any 
experience with patients in whom carcinoma of 
the left side of the liver had been proved and was 
accompanied by pain of this character? 

Dr. Rosert SHANK: Pain can certainly occur 
in persons with metastatic carcinoma of the 
liver as well as in those with primary carcinoma 
of the liver. It is usually stated that pain does 
relate to lesions directly beneath the capsule. 

Dr. Reinnarp: Dr. Shank, would you discuss 
the laboratory findings in terms of the probable 
type of disease of the liver. Do you think that 
hepatic function tests are most compatible with 
metastatic disease or with other types of disease of 
the liver. One of the outstanding laboratory 
findings in this patient was the marked retention 
of bromsulphalein. 

Dr. SHANK: It is my belief that these findings 
are most likely associated with some infiltrative 
process in the liver similar to that seen in meta- 
static carcinoma. The other tests of hepatic 
function, such as the cephalin cholesterol floc- 
culation, gave negative results. Thymol turbidity 
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was normal. Little increase occurred in the 
bilirubin. With the evidence we have at hand, 
including the history, I would think the 
most likely process would be of the metastatic 
type. 

Dr. REINHARD: How much. metastatic dis- 
ease must be present in the liver to produce 
significant bilirubin retention? The level here 
does not represent significant retention. | 

Dr. SuHank: The serum total bilirubin (van 
den Bergh) is 2.1 mg. per cent which is not as high 
a figure as can be reached. Ordinarily in terms of 
the disruption of this and other functions of the 
liver like the bromsulphalein test rather massive 
involvement by any kind of infiltrative process 
must occur, whether of a carcinomatous, tuber- 
culous or lymphomatous nature. 

Dr. RernnaArpD: I would now like to consider 
one of the most interesting features of this case, 
the severe thrombocytopenia, which apparently 
appeared rather early in the illness. Dr. Jim, 
would you discuss the role of the platelet in 
hemostasis and explain more specifically the 
various mechanisms by which the platelets 
play an important part in clotting. What is the 
significance of the failure of the clot to retract in 
this patient? 

Dr. Roserrt Jim: Platelets have been shown to 
be concerned with almost every phase of normal 
blood coagulation. A quantitative reduction in 
platelets or qualitative changes in the presence of 
a normal platelet count may lead to abnormal 
blood coagulation. There are approximately 
eight different ways in which platelets insure 
normal hemostasis. Platelets may act as vis- 
cous bodies in mechanically plugging blood 
vessels that have been disrupted. Normal capil- 
lary integrity is dependent to a large extent upon 
the presence of adequate amounts of serotonin 
liberated by platelets. We are all familiar with 
the poor clot retraction observed in persons with 
thrombocytopenia or thrombasthenia which is 
apparently due to a deficiency of the specific 
clot retracting substance produced by platelets. 
In the first stage of blood coagulation platelets 
liberate a substance which combines with the 
plasma coagulation factors to form the active 
plasma thromboplastin. Platelets also aid in the 
conversion of prothrombin to thrombin and of 
fibrinogen to fibrin. Lastly, platelets have been 
shown to contain not only antiheparin substances 
but also to possess antifibrinolytic activity. 
Abnormalities in any one of these platelet func- 
tions, as isolated defects, in combination or 
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totally, may result in clinical hemorrhagic 
manifestations. 

Dr. Retnnarp: Dr. Moore, how often does 
severe thrombocytopenia occur in association 
with late neoplastic disease? Is thrombocytopenia 
very common? 

Dr. Moore: No. | have only seen it on two 
occasions in persons with malignancies other 
than lymphomas. 

Dr. Reinnarp: Is it not true thrombocyto- 
penia can be associated with malignant disease 
if there is metastatic spread to the marrow 
and a leukemoid reaction? 

Dr. Moore: If there are extensive marrow 
metastases of the malignant tumor, then 
thrombocytopenia may occur because of the 
replacement of marrow by tumor tissue. In 
my earlier statement I was referring to immune 
mechanisms in patients with malignancy as the 
cause of thrombocytopenia. 

Dr. Remnnarp: The history states that on 
rare occasions this patient took quite a bit of 
bromoquinine. Does this drug ever affect the 
platelets? 

Dr. Moore: Yes, in those who happen to be 
sensitive to quinine, but that is a rare compli- 
cation of quinine therapy. 

Dr. Remnnarp: Dr. Harrington, would you 
discuss the significance of platelet agglutinins in 
patients who have carcinoma. Would you also 
discuss the significance of agglutinins active 
against the platelets of this patient in contrast 
to those which react only with platelets from 
other persons. What is the role of multiple 
transfusions in inducing the agglutination 
phenomenon? 

Dr. Harrincton: How many trans- 
fusions did the patient receive prior to admission? 

Dr. Remuarp: I do not believe he had any. 

Dr. HARRINGTON: Approximately only 6 per 
cent of all persons have naturally occurring iso- 
agglutinins for platelets. Accordingly, when the 
serum of a patient with thrombocytopenia is 
tested for antibody, using normal platelets 
for the antigenic material, the finding of platelet 
agglutinins in ninety-four out of a hundred 
instances presumably can be related to the 
disease. However, transfusions or in some in- 
stances pregnancies increase the incidence of 
isoagglutinins by invoking production of anti- 
bodies of the immune variety. Therefore, it is 
significant that the patient under discussion was 
not given transfusions prior to admission. Under 
the latter circumstances, when only isoag- 
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glutinins are present, the patient’s platelets do 
not react with his serum; that is, autoagglutinins 
are absent. Our patient’s serum was tested 
against his own platelets obtained after splenec- 
tomy and strong agglutination was noted. Ac- 
cordingly, this man had autoagglutinins and 
they were undoubtedly responsible for the 
thrombocytopenia. The low platelet count 
responded favorably to splenectomy, a fairly 
characteristic feature of autoimmune thrombo- 
cytopenia. We have not made a systematic 
study of autoimmune thrombocytopenia in 
association with carcinoma, although we have 
studied in addition a case of immunologic 
thrombocytopenia and hemolytic anemia in 
a patient with carcinoma of the ovary. A 
few instances of thrombocytopenia occurring 
during the source of chronic lymphocytic 
leukemia have also been found to have an 
autoimmune basis. 

Dr. Reinnarp: Any further comments, Dr. 
Chernoff? 

Dr. Amoz I. Cuernorr: For the sake of com- 
pleteness we should mention as a possible diag- 
nosis the disease thrombotic thrombocytopenic 
purpura. It is a little difficult to explain the 21 
per cent reticulocyte response on the basis of 
blood loss alone, even in the presence of rela- 
tively massive bleeding. Actually there is little 
in the history and laboratory findings against 
thrombotic thrombocytopenic purpura. The 
patient had anemia which could have been 
hemolytic in nature. He had a leukemoid reac- 
tion and severe thrombocytopenia. No neuro- 
logic findings or signs were noted but, as we all 
know, neurologic manifestations may or may not 
be present. The complete picture of thrombotic 
purpura may not develop until very late in the 
disease. One may possibly explain the abdominal 
masses on the basis of large hematomas. These 
lesions are probably metastatic tumors, but for 
the sake of completeness I believe thrombotic 
purpura should be considered. 

Dr. Remnnarp: Because the masses were 
stony hard, thrombotic purpura seemed to me 
an unlikely diagnosis. I was not aware that plate- 
let agglutinins had ever been demonstrated in 
thrombotic thrombocytopenic purpura. Do you 
know whether that is true, Dr. Harrington? 

Dr. Harrincron: A number of attempts have 
been made to demonstrate platelet agglutinins, 
generally without success. Our own experience 
has been limited to four cases. In only one in- 
stance were we able to test the serum of this 
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patient with his own platelets and obtain equivo- 
cal results. 

Dr. Moore: May I make a comment as to 
why this man was subjected to a splenectomy. 
A biopsy specimen was taken from the mass 
around the umbilicus because we were anxious 
to get a tissue diagnosis if possible. When that 
procedure failed, it seemed that a diagnosis of 
malignancy had to be established before we 
could just give up since there were other possi- 
bilities, some of which Dr. Chernoff mentioned. 
The operation was actually an exploratory 
laparotomy. It was done in such a position that a 
splenectomy could be performed if nothing else 
were possible. The surgeon was able to establish 
a diagnosis on opening the abdomen, and he 
realized that he could not correct the primary 
situation. He felt however that he might at least 
correct the thrombocytopenia by taking out the 
spleen. The patient might have improved suffi- 
ciently to be comfortable for a little while longer. 

Dr. REINHARD: I would like to make a diag- 
nosis of carcinoma of the ascending colon at the 
site suggested but not proved by the roentgen 
findings, with extensive metastases to the liver 
causing the abdominal mass and pain. 


PATHOLOGIC DISCUSSION 


Dr. Matcoim H. McGavran: This corpulent 
white man weighed 180 pounds at the time of 
autopsy. The skin and sclerae were moderately 
icteric. Numerous recent and resolving ecchy- 
moses and petechiae were present over the arms, 
legs and back. 

Twenty-seven centimeters from the anus in 
the sigmoid color. a mucosal lesion was seen 
which was 4 by 5 cm., licheniform, friable and 
ulcerated. (Fig. 1.) In the ascending colon no 
lesions were found except for a diverticulum. No 
anatomic data are available to explain the con- 
striction seen radiographically in this site. 
Microscopically the sigmoid lesion is a relatively 
well differentiated adenocarcinoma. (Figs. 3 and 
4.) The tumor has extended through the muscu- 
lar coats of the bowel, involves adjacent mesen- 
teric fat, invades veins and nerve sheaths, and 
partially to totally replaces a series of mesenteric, 
peripancreatic and porta hepatic lymph nodes. 

The liver weighed 7,200 gm., measured 36 by 
28 by 18 cm., and comprised the masses in both 
the right and left upper abdomen. Large, soft 
and centrally necrotic masses of metastatic 
tumor accounted for the marked hepatomegaly. 
(Fig. 2.) The spleen, removed at the time of 
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Fic. 1. 


Adenocarcinoma of the sigmoid 
colon, natural size. This is a relatively 
small and well demarcated tumor which is 
not concentric. The abrupt change in the 
appearance of the mucosa and the central 
ulceration are notable. 


exploratory laparotomy weighed 350 gm. and 
was slightly congested. A few small, 2 to 4 mm. 
nodules of metastatic tumor were found in the 
periphery of all lobes of the lungs. They were 
presumably of embolic origin via the hepatic 
veins, for no mediastinal lymph node metastases 
were demonstrable. Sections of the vertebral, 
costal and sternal marrow reveal a mild erythroid 
hyperplasia. Megarkaryocytes were present in 
usual numbers and no qualitative cytologic 
alterations were seen. No tumor was noted in 
any of the bone marrow sections. 

Superficial erosions of the distal esophageal 
and gastric mucosa, with a half liter of altered 
blood in the stomach were among the agonal 
changes. 

Dr. Witsur A. Tuomas: The anatomic fea- 
tures that have been described by Dr. McGavran 
are typical of adenocarcinoma of the colon. I 
believe that the massive involvement of the liver 
was sufficient to account for the symptoms re- 
lated to the upper abdomen. We found no ana- 
tomic changes to explain the thrombocytopenia. 

Final anatomic diagnoses: Adenocarcinoma of 
the sigmoid colon; metastatic adenocarcinoma 
involving the mesenteric, peripancreatic and 
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Fic. 2. Liver, reduced to one-fourth the 
natural size. All but a narrow margin of 
the liver is replaced by large umbilicated 
metastases. The adjacent liver is hemor- 
rhagic in many areas. 


portal hepatic lymph nodes, the liver (7,200 
gm.) and the lungs: erythroid hyperplasia of 
the bone marrow; a five-month history of 
thrombocytopenia. 


DISCUSSION AFTER PATHOLOGY PRESENTATION 


Dr. Reinnarp: Dr. Harrington has done 
some special study on the tissues removed at 
autopsy and will discuss the findings. 

Dr. HARRINGTON: Some precedent has been 
established for suspecting that tumors of various 
kinds may induce production of autoanti- 
bodies for the formed elements in the blood. 
Thus it is well known that in some patients with 
malignancy, particularly lymphomas but also 
carcinomas, hemolytic anemia can develop with 
a positive reaction to the antiglobulin test. The 
recognition of autoimmune thrombocytopenia in 
patients with carcinoma is a more recent acqui- 
sition to our knowledge. The present case and the 
instance of carcinoma of the ovary already 
referred to raise certain questions regarding the 
relationship of carcinoma to autoantibody for- 
mation. In the patient who had carcinoma of the 
ovary we did not have an opportunity to attempt 
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Fic. 3. Adenocarcinoma of the colon. Hema- 
toxylin and eosin stain, X 27. The junction 
of the tumor with the orderly, well oriented 
glands and cells is shown. 


to absorb the antibodies in the serum with the 
tumor tissue. In the patient under discussion 
this opportunity was presented. When the serum 
was incubated with the primary tumor, the 
agglutinin was absorbed. Strangely, the intact 
normal bowel was equally effective in absorbing 
the platelet agglutinin. The metastatic, necrotic 
tumor in the liver seemed to be less capable of 
absorbing the antibody. The intact liver tissue 
did not remove the agglutinins. One can only 
speculate about the relationship of autoimmune 
hematologic disorders to malignant disease. The 
relationship may well be merely coincidental. It 
is more attractive to consider that the neoplastic 
tissue is foreign to the host and thereby antigenic; 
accordingly it may be capable of acting as a 
stimulus for the production of antibodies which 
may in rare instances cross react with antigens 
in the formed elements of the blood. One may 
ask whether or not splenectomy was justified 
in this patient. Dr. Moore recognized that this 
patient probably had metastatic carcinoma. The 
major problem was thrombocytopenia and 
associated bleeding. Nutrition was still good, and 
it seemed likely that the patient could be com- 
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Fic. 4. Adenocarcinoma of the colon metas- 
tatic to the liver. Hematoxylin and eosin 


stain, X 150. Note the moderately well 
formed gland below with the surrounding dis- 
orderly tumor cells. Compression atrophy of 
the adjacent liver is seen above. 


fortable for some time if he didn’t bleed to death. 
Unfortunately, however, he apparently died of 
liver failure. 

Dr. Remnnarp: Dr. Moyer, had we known in 
advance that this patient had carcinoma some- 
where in the colon with metastases predomi- 
nantly to the left lobe of the liver, would this 
observation be grounds for believing that the 
tumor was to the left side of the colon? I have 
heard it said that metastatic disease in the left 
side of the colon is more apt to metastasize to the 
left lobe of the liver. It is difficult to understand 
why that should be so, since all metastases go via 
the same portal vein. Is there any truth to the 
statement? 

Dr. Moyer: I do not know. I have, however, 
heard the statement. The localization of the 
metastases is supposed to be related to the 
streaming effect in the portal blood flow. There 
are those who believe that there is something to 
this concept. 


Acknowledgment: Illustrations were made by 
the Department of Pathology, Washington Uni- 
versity School of Medicine. 


Case Reports 


Multiple Pulmonary Arteriovenous Fistulas 


in Juvenile Cirrhosis 


RoBeERT RypDELL, M.D. and F. W. Horrsaver, 


Minneapolis, Minnesota 


HE occurrence of multiple pulmonary 
 Gentiowcow fistulas in a patient with 
“juvenile cirrhosis,” cyanosis, clubbing of the 
fingers and eventual cardiac failure served as the 
stimulus for this report. The patient was first 
seen at the age of eleven years and was followed 
over the next eleven years until his death. The 
clinical course was characterized by slow but 
progressive deterioration. The principal features 
of this case included hepatosplenomegaly and 
progressive liver failure, cardiomegaly and 
eventual cardiac failure. The latter was asso- 
ciated with a greatly elevated cardiac output, a 
diminished arterial oxygen saturation and 
the presence of a thoracic bruit. Clinical studies 
revealed (1) a very high cardiac output with 
no intracardiac shunt, (2) normal respiratory 
function, and (3) the presence of a_physio- 
logic intrapulmonary vascular shunt estimated 
at 40 per cent of the cardiac output. The shunt 
could not be identified on roentgenograms or by 
lung biopsy specimen secured at the time of 
thoracotomy. The most interesting observa- 
tion at necropsy was in the lungs; by gross and 
microscopic examination no abnormalities could 
be found, but injection of the blood vessels of the 
right lung revealed the presence of numerous and 
widespread abnormal vascular channels. These 
channels were found to connect, directly and 
indirectly, the pulmonary arteries and veins. A 
review of the literature has not revealed reports 
of primary pulmonary vascular disease asso- 
ciated with cirrhosis of the liver. 


CASE REPORT 


The patient was first studied at the University of 
Minnesota Hospitals in August 1942, when he was 


cleven years of age. He was admitted to the pediatri 
service for evaluation of splenomegaly of marked 
degree. Birth, neonatal and developmental history 
revealed no abnormalities. The family history was 
non-contributory. During the year prior to admission 
the boyexperienced intermittent jaundice of mild 
degree. [here was no history of hematemesis or 
melena. Five months prior to admission enlarged 
tonsils and adenoids had been removed without en- 
suing complication. Physical examination revealed a 
small, pale, poorly nourished boy exhibiting retarded 
physical development. Marked abdominal enlarge- 
ment, moderate ascites and distended superficial 
abdominal veins were noted. The superficial lymph 
nodes were slightly enlarged. The liver extended 9 cm. 
below the costal margin; the spleen was greatly 
enlarged and could be palpated 22 cm. below the 
costal margin in the midline. A soft systolic murmur 
was audible at the left sternal border. The chest 
appeared normal and x-ray examination did not 
reveal cardiac enlargement; the lung fields were 
normal. The blood pressure was 116 52. No tel- 
angiectases were visible in the skin or mucous 
membranes. 

Studies of the peripheral blood and bone marrow 
revealed microcytic anemia and lymphocytosis with- 
out evidence of immaturity. The hemoglobin was 
9.2 gm./100 ml., the erythrocyte count was 5.85 mil- 
lion cu. mm.; leukocytes numbered 6,200 cells’ cu. 
mm., with 49 per cent polymorphonuclear cells, 
46 per cent lymphocytes, 2 per cent monocytes and 2 
per cent eosinophils. Erythrocyte fragility, bleeding 
time, coagulation time and prothrombin time were all 
within normal limits. An evaluation of liver function 
showed normal values for serum bilirubin, urine 
urobilinogen and galactose tolerance but the cephalin- 
cholesterol flocculation test was 4 plus. The clinical 
impression was Banti’s syndrome associated with 
hepatic. disorder. Portal hypertension was assumed 
to be present, although esophageal varices could not 
be demonstrated by x-ray examination. Splenectomy 


* From the Departments of Pathology and Medicine, University of Minnesota, School of Medicine, Minneapolis, 
Minnesota. This investigation was supported in part by a contract from the office of the Surgeon General, United States 


Army, Washington, D. C. 
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was recommended. The patient was advised to follow 
a high protein diet with vitamin supplements. He was 
admitted for a second time in October 1942, at which 
time an improved blood picture was noted. The ascites 
had disappeared. Operation was deferred for one 
year, during which time the patient was followed in 
the outpatient clinic. 

In September 1943, the patient was admitted for 
splenectomy. This was delayed because a first degree 
heart block with prolonged P-R interval was noted 
in the electrocardiogram. Moderate cardiac enlarge- 
ment involving both ventricles was apparent on 
x-ray, a change over that noted a year previously. 
Liver function tests revealed normal serum bilirubin, 
bromsulphalein retention of 7.5 per cent, and normal 
total and fractional serum proteins. The cephalin- 
cholesterol flocculation test was then 1 plus. 

Splenectomy was performed in February 1943, de- 
spite persistent evidence of cardiac abnormality. 
The spleen measured 30 by 16 by 7 cm. and weighed 
2,600 gm. The cut surface was deeply congested and 
dark purplish red. Microscopically, a large amount of 
blood was seen in the pulp; the corpuscles and trabec- 
ulae were very inconspicuous; some proliferation of 
the sinusoidal endothelium was present but there 
was no distinct fibrosis. Material fixed in Heliy’s 
solution showed large numbers of megakaryocytes. 
The liver at the time of splenectomy was lobulated 
and congested. A biopsy specimen of the liver revealed 
changes consistent with cirrhosis. Recovery from 
splenectomy was uneventful. Marked lymphocytosis 
was noted following splenectomy; the maximum 
leukocyte count, 32,500 with approximately 75 per 
cent lymphocytes, was recorded in October 1945. 

During the ensuing two years the patient was fol- 
lowed in the outpatient clinic. It was observed that the 
growth of pubic hair was markedly retarded and that 
the genitalia remained infantile. The liver during this 
period remained enlarged and felt smooth and firm 
to palpation. The blood pressure remained normal; 
the precordial systolic murmur previously detected 
appeared to increase in intensity. The patient first 
complained of exertional dyspnea in May 1945. 
Despite this the boy was able to lead a fairly normal 
existence and attended school. He experienced fre- 
quent infections of the upper respiratory tract. A year 
later, in September 1946, clubbing of the fingers and 
cyanosis were first noted. Exertional dyspnea in- 
creased so that by early 1947 the patient was severely 
incapacitated, 

In August 1948, the patient was admitted to the 
Medical Service of the University of Minnesota Hos- 
pitals for evaluation of the cardiac status. Marked 
cyanosis was apparent. A few spider nevi were noted 
over the anterior and posterior upper portion of the 
chest. At this time the liver was enlarged to the level of 
the umbilicus. Examination of the chest revealed a 


moderate degree of emphysema; no rales were 
detected. No ascites or edema were present. The 
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venous pressure and the circulation times were 
within normal limits. The patient’s plasma volume was 
found to be 7.7 L. by the Evans blue dye method, a 
threefold increase over the expected normal value. 
The arterial oxygen saturation was 73 per cent and 
the venous oxygen saturation was 71 per cent. 
Marked cyanosis, which was present when the patient 
was at rest, largely disappeared when he was allowed 
to breathe 100 per cent oxygen. X-ray of the chest 
revealed cardiac enlargement with prominent pul- 
monary artery shadows. The peripheral vascular 
markings in the lungs were exaggerated and the 
emphysematous character of the lungs was confirmed. 
Films secured during the Valsalva maneuver did not 
reveal pulmonary arteriovenous abnormalities. [he 
electrocardiogram still revealed a prolonged P-R 
interval but had otherwise not changed significantly. 

The patient remained incapacitated throughout 
1949; the frequent upper respiratory infections con- 
tinued and one episode of pneumonia occurred. He 
was re-admitted in August 1949 and presented many 
of the physical abnormalities noted earlier. In addi- 
tion, vision was found to be decreased in the left eye. 
Funduscopic examination revealed a “possible 
hemangioma’ with suspected arteriovenous com- 
munications, but no aneurysms were seen. Marked 
retinal venous engorgement and distention was noted. 
A cluster of pulsating vessels, apparently veins, had 
developed over the right temple. For the first time, a 
systolic bruit accentuated on inspiration was heard 
over the right lung base. Cardiac catheterization was 
performed and a cardiac output of 20 L. per minute 
was found. No evidence of an intracardiac shunt was 
detected. The pulmonary artery and right ventricular 
pressures gave normal results. Angiocardiography 
failed to demonstrate any pulmonary arteriovenous 
communications nor did kymographic studies made 
over the entire chest. Measurements of pulmonary 
function (tidal air, vital capacity, residual air, func- 
tional air, total lung air) showed normal values. The 
carbon dioxide content of the whole blood was 1° 
mEq./L. In October 1949, a bilateral exploratory 
thoracotomy was performed. At operation no ab- 
normalities were detected. A lung biopsy specimen 
taken from the left lower lobe was reported to show 
only slight emphysematous change. The vascular 
structures were not regarded as abnormal. The post- 
operative course was complicated by fever and a 
marked increase in jaundice, the serum bilirubin 
rising from a preoperative value of 2.8 mg. to 22 mg. 
per 100 ml. Antibiotics and digitalis were employed; 
the patient recovered slowly. On discharge from the 
hospital the serum bilirubin had fallen to 7 mg. per 
100 ml. 

The patient was seen at intervals in the outpatient 
clinic and admitted again in October 1950 for study. 
The outstanding physical features were cyanosis, mild 
icterus and clubbing of the fingers. The liver remained 
large. A few spider nevi were present. The other 
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vascular abnormalities (temple and fundus) remained 
unchanged. At this time a diastolic bruit, as well as a 
systolic bruit, was audible over the right lung base. 
A similar finding was now noted over the left lung 
as well. Evidence of further impairment of liver 
function was demonstrable; the total serum bilirubin 
was 6.8 mg. per 100 ml. and the total serum protein 
measured 8.0 gm. per cent (albumin 2.6 gm., 
globulin 5.4 gm. per 100 ml.). A second cardiac 
catheterization revealed a cardiac output of 10.7 L. 
per minute; the mean pulmonary artery pressure was 
8 mm. Hg. The arterial oxygen saturation was 72 per 
cent. Again there was no evidence whatever of an 
intracardiac shunt, either left to right or right to left. 
The right to left shunt (intrapulmonary), as calculated 
by the usual mixing equations, was 66 per cent. The 
Berggren technic’ for calculating right to left shunts 
was applied. This technic involves the use of the 
polarograph for the direct determination. A wide 
difference was found between the partial pressure of 
oxygen in the patient's alveoli and that in the arterial 
blood. Application of the appropriate formulas 
showed that, by this technic, the patient had a 40 per 
cent right to left shunt. This latter figure was believed 
to reflect more accurately the actual size of the shunt. 
In view of these observations, in the absence of demon- 
strable pulmonary parenchymal disease, it was be- 
lieved that the shunting was a diffuse vascular 
phenomenon and that the condition was not amenable 
to either surgical or medical correction. The patient 
was maintained on digitalis, a low salt diet and bed 
rest. 

During subsequent hospital admissions the main 
concern was the symptomatic treatment of progres- 
sively deteriorating function of the heart and liver. 
The final hospital admission occurred in July 1953. 
Peripheral edema, severe dyspnea and orthopnea, 
marked venous distention and cardiac enlargement 
were outstanding features. The patient was deeply 
jaundiced. The total serum bilirubin was 47 mg. 
per cent. During the terminal period the blood urea 
nitrogen rose to 185 mg. per cent. Shortly before 
death the spider nevi and the pulsating lesion on the 
temple seemed to disappear, although the venous 
distention in general was prominent. The patient 
died on August 8, 19553. 

Postmortem examination was performed three 
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hours after death. The body was that of a poorly 
developed, extremely emaciated person who appeared 
to be much older than the actual age of twenty-two 
years. Marked jaundice, peripheral edema, severe 
cyanosis and clubbing of the fingers were evident. 
Hair on the head was abundant, but axillary and 
pubic hair was scanty. A few small, soft cervical nodes 
were palpable. The testes were small; both were in the 
scrotum. Distention of the neck veins and of the super- 
ficial abdominal veins was marked. The abdominal 
cavity contained two liters of a clear, straw colored 
fluid; the pleural cavities each contained 100 ml. 
of a similar fluid. The liver extended to 10 cm. below 
the right costal margin. It weighed 2100 gm., was 
dark green and exhibited the characteristic appear- 
ance of coarsely nodular cirrhosis. The nodules, vary- 
ing greatly in size, measured up to 3 cm. in diameter. 
The fibrous tissue network compressed by the re- 
generative nodules was readily apparent since the 
latter were easily “‘shelled out.” The gallbladder was 
small and the bile duct system was patent throughout. 
The kidneys each weighed 225 gm., they appeared 
uniformly enlarged with well defined architecture, 
normal calyces, pelves and ureters. The lungs were 
collapsed; both lung bases were firmly adherent to the 
diaphragmatic pleural surface. The right lung was 
removed and saved for injection studies. The left lung 
on cut section showed only collapsed, airless tissue. No 
abnormalities of the pulmonary or bronchial vessels 
were noted on direct inspection. The pericardial 
cavity contained a small amount of clear fluid; a 
fibrinous exudate covered the pericardial and myo- 
cardial surfaces. The heart was greatly enlarged, 
weighing 425 gm. A number of linear, vertical, calci- 
fied ridges were seen just above the mitral and aortic 
valves. The endocardium was normal except for the 
calcific deposits. The myocardium was smooth and 
without abnormality. The left ventricle was hyper- 
trophied, measuring 1.5 cm. in thickness; the wall of 
the right ventricle measured 0.5 cm. in thickness. The 
coronary arteries were patent. All organs and tissues 
were bile-stained. 

Microscopic sections of the liver disclosed a dis- 
torted lobular pattern with nodules of regenerated 
liver tissue surrounded by heavy bands of connecting 
tissue. The larger nodules had central veins and the 
interlobular connective tissue contained portal vessels 


Fic. 1. A and B, the structures which show the abnormal shunting between the arterial and venous sides of the pulmo- 
nary circuit are black. The pulmonary arteries (A) and veins (V) of the injected specimen both appear light in this 
photograph because they contain the plastic injection mass that was injected entirely through the pulmonary arteries at 
the hilum of the lung. The vascular channels which did not show the abnormal communications have been dissected 
away. Figure 1B is a schematic diagram of the vascular structure as seen in Figure 1A. In the diagram, the vein is grey, 
the artery is outlined in black and the communications are solid black. The large vessel in the lower left corner is one of 
the large hilar pulmonary veins. One of the large pulmonary arteries can be seen below and to the right of this vein. 
Several small direct communications (black) can be seen connecting the artery and its large branches with the large 
pulmonary veins in the hilar region. In the right center portion of the photograph can be seen a complicated system 
of communications. This system is buried in the parenchymal portion of the lung; it is seen to be fed by at least one small 
vessel from each of the branches of the pulmonary vein visualized. This type of communication system is typical of the 
diffuse nature of the shunts and could be demonstrated throughout the parenchymal areas of the lung. 
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Fic. 3. Photograph of colored injection mass in vessels of middle lobe of right lung; coloring and reproduction as in 
Figures 2A and 2B. The area shows the direct type of communications found in subpleural locations. A branch of the 
pulmonary artery can be seen at the bottom of the photograph as the light vessels between the two black veins. The 
communicating channels appear grey and are seen to connect the arterial and venous channels. 


and bile ducts. The smaller nodules, however, lacked 
any regularly placed vessels. Numerous small areas of 
necrosis of the liver cells were noted. Inspissated bile 
was seen in the radicles of the biliary tree. The changes 
described varied in severity from section to section, 
some portions of fairly normal liver tissue being seen. 
Large numbers of prominent subcapsular hepatic 
vessels were seen in all sections but no abnormal 
vascular communications could be demonstrated. 
The endocardial lesions, which have been described 
previously as calcific deposits, consisted of heavily calci- 
fied thick fibrous ridges, the significance of which is 
unknown; they did not represent vegetations. Sections 
of the kidney disclosed subacute glomerulonephritis. 


of the gastrointestinal tract showed only edema and 
some vascular congestion. Hemorrhage into the 
perilobular spaces of the pancreas was present, with 
infiltration of neutrophils, edema and scattered areas 
of fat necrosis. The testes exhibited a marked decrease 
in spermatogenesis. The normal architecture of the 
lymph nodes was distorted; lymphocytic hyperplasia 
and fibrous tissue overgrowth was prominent. Ex- 
amination of the brain gave entirely negative results. 
Microscopic examination of the lung. revealed 
scattered areas of atelectasis; the parenchyma and the 
bronchi showed no particular abnormalities. The 
pulmonary vessels were prominent but single random 
sections did not exhibit any unusual vascular altera- 


tions or communications. 
Immediately after removal of the right lung a solu- 
tion of vinyl acetate (approximately 6 per cent in 


Bile-stained casts were noted in the tubules. Dilated 
submucosal veins, representing varicosities, were 
noted in the sections of the esophagus. The remainder 


Fic. 2. A, photograph of a colored injection mass in the middle lobe of the right lung. In this area the venous channels of 
the original preparation were black; arterial segments were left untouched and communicating channels were painted 
red. In this reproduction in black and white of the colored preparation, the arteries appear white, the veins black and 
the communicating channels grey. A portion of the injection cast has been removed in order to expose the shunts. An 
example of the complicated systems of communication found deep in the parenchyma of the lung can be seen in the 
lower central portion of the photograph (circle). B, an enlargement of the cluster of vessels seen in the square area in the 
upper right hand portion of Figure 2A. This mass of communicating vessels is supplied by several large arterial branches 
and drained by two veins. 
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acetone) was injected by syringe into the pulmonary 
artery. Although the pressure used during the injec- 
tion of the plastic was not measured, the injection 
mass flowed freely under very slight pressure. Almost 
immediately the material escaped from the open 
pulmonary veins at the hilum. Therefore it was neces- 
sary to clamp these vessels so that the injection, 
accomplished entirely through the pulmonary artery, 
could continue. The total amount of plastic solution 
used was 300 cc. The specimen was placed in concen- 
trated hydrochloric acid and the tissue macerated. 
The plastic network remaining was cleaned by wash- 
ing with tap water. Study of the specimen revealed 
great numbers of abnormal vascular communications 
or shunts diffusely distributed throughout the entire 
vascular tree. Direct communications between the 
large pulmonary arteries and veins near the hilum 
were found. (Fig. 1A, 1B.) In addition, a complicated 
system of communications arising from several arteries 
and veins were found throughout the pulmonary 
vascular bed in a more peripheral location. (Figs. 1A, 
1B, 2A and 2B.) Several large, directly communicat- 
ing channels were found in subpleural locations. 
(Fig. 3.) The size of the abnormal communications 
between the pulmonary arteries and veins could not be 
accurately estimated by any direct measurement 
because of the shrinkage of the injection mass during 
hardening. (No filler was used.) The largest plastic 
cast considered to represent an abnormal channel 
measured 1 mm. in diameter. The majority were much 
smaller. 

The anatomic diagnoses included (1) hepatic cir- 
rhosis, postnecrotic type, (2) fibrinous pericarditis, 
(3) cardiomegaly, (4) non-specific calcification and 
fibrosis of the left auricle and the aortic valves, (5) 
widespread pulmonary arteriovenous fistulas with 
dilatation of the pulmonary vessels, (6) subacute 
glomerulonephritis, and (7) acute and chronic 
pancreatitis. 


COMMENTS 


Cyanosis and clubbing of the digits are 
phenomena known to occur in association with 
long standing disease of the liver. Clubbing of 
the fingers occurs rarely in persons with alco- 
holic (or portal) cirrhosis, more frequently in 
these with juvenile cirrhosis and primary biliary 
cirrhosis, and it has been reported to occur in 
persons with liver abscess, stricture of the bile 
ducts and thrombosis of the hepatic and portal 
veins.?—® 

The first description of cyanosis and clubbing 
associated with cirrhosis in the absence of cardio— 
pulmonary pathology was by Fliickiger from 
Kussmaul’s clinic in 1884.° This occurred in a 
thirty-seven year old woman who had cyanosis 
and clubbed digits for five years. Physical 
examination of the lungs, heart and the main 
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vessels showed no abnormalities. Following an 
episode of what appeared to be hematemesis and 
hepatic coma, she died. Postmortem examina- 
tion revealed extensive cirrhosis of the liver, 
believed to be due to syphilis. No disease could 
be demonstrated in the heart or within the 
parenchyma of the lungs but the pulmonary 
veins were grossly distended and without other 
change. In addition to esophageal varices and 
marked dilatation of the superficial abdominal 
veins, considerable distention of the entire 
venous system, including veins of the brain, 
spinal cord and meninges, was noted. The 
examiners could find no etiologic explanation 
for the generalized venous distention. In 1895 
Gilbert and Fournier’ reported the frequent 
association of cyanosis and clubbing in cases of 
hypertrophic biliary cirrhosis in children. The 
frequency of occurrence of cyanosis and clubbing 
in cirrhosis is not well established. Perozzi* 
collected a series of forty-seven cases of ‘juvenile 
cirrhosis’ from records of the University of 
Minnesota Hospitals and the Mayo Clinic. 
She found five cases associated with cyanosis and 
clubbing; one case was associated with a primary 
cardiac disorder. In this series the rate of 
cyanosis and clubbing associated with cirrhosis, 
in the absence of primary disease of the heart or 
lungs, was 8.5 per cent. 

The etiology of the cyanosis and clubbing in 
cirrhosis has remained obscure. Evans and 
Sheldon® reported such a case in a twelve year 
old girl in whom no disease of the heart or lungs 
was demonstrated. The findings in this case 
included (1) normal spectroscopic findings of the 
circulating hemoglobin, (2) normal oxygen 
combining power of the blood, (3) the presence 
of dyspnea, (4) the development of cyanosis at 
age eleven (at least three years after the first 
attack of jaundice), and (5) decreased femoral 
arterial oxygen saturation. They suggested that 
this presented the picture of a pulmonary lesion 
but could find no published postmortem reports 
which would account for it. This patient was still 
living at the time of the report. 

Snell® and Snell and Starkey'® observed that 
arterial unsaturation is Common among patients 
with cirrhosis of the liver and other conditions 
involving severe parenchymatous hepatic dam- 
age. The degree of desaturation roughly paral- 
leled the extent of the degenerative process in the 
liver. In these patients the known circulatory 
changes, ascites and edema does not appear to 
account for the unsaturation of the blood. They 
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suggested that either some interference in 
gaseous exchange in the lungs or an abnormality 
of the blood itself was present. At autopsy no 
pulmonary disease could be demonstrated. 
Subsequent work by Keys and Snell'! has shown 
that in cirrhosis with arterial unsaturation there 
exists a displacement to the right in the position 
of the oxygen dissociation curve: the oxygen 
affinity of the blood is reduced. Gaensler’ has 
also reported the presence of arterial unsatura- 
tion in cases of disease of the liver but others have 
not been able to confirm the observation. 
Instances of primary pulmonary vascular 
disease associated with cirrhosis of the liver 
have not been found in a review of the litera- 
ture. It is quite likely that the presence of 
arteriovenous shunts could be readily over- 


looked by ordinary methods of gross and micro- . 


scopic examination. In the present case the 
findings in the lungs as judged by routine 
pathologic sections were unremarkable even 
though vascular shunts were specifically sought. 
Injection studies were essential for their demon- 
stration. A search of the literature has failed to 
reveal reports of injection methods applied to the 
pulmonary vascular bed in cirrhosis. In the pres- 
ent investigation injection casts of the pulmonary 
vascular beds in four other cases of cirrhosis were 
made. These failed to reveal the presence of 
any vascular abnormalities comparable to the 
findings in the present case. 

Most reported investigations of injection 
studies of the pulmonary and bronchial vascular 
systems have been limited to normal lungs or to 
the lungs of patients with disease of the heart or 
lungs. '*-*° The development of bronchial artery— 
pulmonary artery collateral circulation and/or 
the development of bronchial vein—pulmonary 
vein collateral drainage has been observed in 
chronic disorders of the lungs or heart. The 
development of pulmonary artery-pulmonary 
vein precapillary collaterals has not been known 
to occur except in pulmonary arteriovenous 
fistulas of the classical type. It is of interest that 
transpleural collateral circulation often develops 
at the site of adhesions. In such instances Liebow 
and associates*' observed that the arterial col- 
lateral circulation connects directly to the pul- 
monary arteries; the venous collateral circulation 
connects directly to the pulmonary veins. 
Arterial collateral channels are never found 
connecting with the venous circulation, or the 
reverse; hence such adhesions do not result in a 
short-circuiting of the pulmonary blood flow. 
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This observation is of fundamental importance 
in the consideration of the origin of the pul- 
monary artery-pulmonary vein channels dem- 
onstrated in the present case of cirrhosis. The 
question may well arise as to whether or not 
these collateral channels result from the open- 
ing up of pre-existing structures or whether 
they formed de novo. The latter interpretation 
would suggest vascular proliferation. 

The existence of precapillary anastomotic 
channels between the pulmonary arteries and 
veins in normal lungs was claimed by Von 
Hayek**:** several years ago. Giampalmo** con- 
cluded that recent evidence supports Von 
Hayek’s contention that such channels do exist 
within the parenchyma of the lung in intra- 
lobular, interlobular and subpleural locations. 
The observations of Tobin and Zariquiery*® 
also indicate that such communications do exist. 
They injected glass spheres many times the 
diameter of the accepted capillary size into the 
pulmonary artery and recovered some of these 
spheres in the pulmonary vein. This has also been 
demonstrated in the lungs of certain animals.*° 
The largest spheres recovered in the pulmonary 
vein of the human lungs measured 500 yu in 
diameter. By the use of a radiographic technic 
the locations of these shunts were determined. 
No anastomotic channels could be demonstrated 
in the hilar region nor along the larger branches 
of the pulmonary arteries and veins. At the 
apex of the lobular subdivision of the broncho- 
pulmonary segments, anastomoses up to 500 u 
were found. Smaller shunts of 50 to 100 u were 
located at the level of the smaller bronchi and 
the respiratory bronchioles; the smallest ones, 
20 to 25 uw, were near the alveolar sacs and 
alveoli. Anastomoses up to 200 uw were found 
in the subpleural region. Precapillary com- 
munications between the pulmonary arteries 
and veins have not been reported in the exten- 
sive studies of Liebow in which plastic injection 
masses were employed. 

Tobin* has shown that in the normal human 
embryo and fetus there exist anastomoses be- 
tween the pulmonary arteries and bronchial 
arteries, the pulmonary veins and _ bronchial 
veins, and probably between the pulmonary 
arteries and veins. He believes that these pre- 
capillary communications between the pul- 
monary arteries and veins may remain intact 
and become functional at a later date. The 
occurrence of the latter is suggested by the 
findings in his case of a thirty-six year old man 
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who had experienced intermittent attacks of 
cyanosis. Postmortem examination disclosed the 
existence of a short patent ductus. A striking 
feature was the absence of pathologic changes in 
the walls of the pulmonary arteries, suggesting 
that pulmonary hypertension had not existed. 
Arteriovenous shunts were demonstrated by the 
passage of glass beads many times the diameter 
of capillaries from the pulmonary artery to 
the pulmonary vein. These shunts were also 
demonstrated in a plastic cast of the lung. Such 
vascular channels presumably prevented pul- 
monary hypertension which would ordinarily be 
encountered in a patient with a patent ductus 
arteriosus. 

Giampalmo** and _ Lindskog,** recent 
reviews on pulmonary arteriovenous fistulas of 
the classical type, present excellent descriptions 
of typical pathologic findings. In this well 
defined entity the abnormal channels are more 
or less ‘‘focal’’ although frequently multiple, are 
usually subpleural in location and show degen- 
erative changes in the vessel walls. This condi- 
tion has never been reported in association with 
definite hepatic cirrhosis and the typical changes 
as described are fundamentally different from 
the findings in the case presented in this report. 

The occurrence of abnormal pulmonary ar- 
teriovenous shunts in the present case is of inter- 
est in relation to the occurrence of other vascular 
abnormalities commonly associated with disease 
of the liver, especially spider nevi. Bean**~** has 
described the vascular spiders in pregnancy and 
dietary insufficiency and in apparently normal 
persons as well as in those with cirrhosis of the 
liver. When he compiled his clinical data on cases 
of cirrhosis according to the presence or absence 
of spider nevi,*! the only significant difference 
in his two groups was the observation of col- 
lateral veins over the abdomen in twice as 
many patients with spider nevi as in those 
patients without them. The presence of eso- 
phageal varices appears to be similarly cor- 
related with the presence or absence of spider 
nevi.*° These findings do not appear to be related 
to the type of cirrhosis, but the frequency of 
spider nevi is increased in association with long- 
standing cirrhosis and splenomegaly.*!:** The 
presence of distended superficial abdominal veins 
and esophageal varices has long been accepted 
as Clinical evidence of portal hypertension, but 
Bean and other observers suspect that additional 
forces may be operating which favor the devel- 
opment of collateral vascular channels in the 


presence of obstruction. Numerous phenomena 
in patients with cirrhosis suggest an endo- 
crinologic imbalance; this has been considered 
one of the possible factors concerned with the 
development of vascular changes. No available 
objective evidence supports such a supposition; 
hormonal influences probably play no more 
than a secondary role. The great majority of 
patients with cirrhosis and associated cyanosis 
and clubbing exhibit one or more of the vascular 
stigmas of cirrhosis and, as Gilbert and Fournier’ 
first pointed out, retarded sexual development is 
of frequent occurrence in juvenile cirrhosis. All 
these changes were clinically evident to a marked 
degree in this patient. 

Disturbances of the cardiovascular system in 
persons with cirrhosis would not appear to be 
limited to those vascular alterations just dis- 
cussed. Some patients with cirrhosis who did not 
show evidence of co-existing disease of the heart 
or acute gastrointestinal bleeding exhibit an 
elevated resting cardiac output. Kowalski and 
Abelmann* found this to be present in one-third 
of their series of patients, and it was associated 
with high stroke volume, normal blood pressure, 
low peripheral vascular resistance and decreased 
peripheral arteriovenous oxygen difference. The 
average heart size and the size of each chamber 
was in the upper range of normal. They con- 
clude that this is the result of generalized periph- 
eral arteriolar dilatation, acting in effect like 
multiple arteriovenous fistulas in parallel, a 
condition similar to that seen in certain defi- 
ciency states.** Abelmann and his associates*’ 
studied the hemodynamic response of mild to 
moderate exercise in patients with cirrhosis. 
The tendency of the blood flow to be increased 
out of proportion to the oxygen consumption 
observed while the subject was at rest tended 
to persist or even increased during exercise. 
Snell and Starkey'" had previously reported that 
they found high normal cardiac output values in 
three patients with cirrhosis and ascites that they 
studied. The cardiac output in the patient 
described in the present report was strikingly 
increased. All this evidence suggest generalized 
vascular alterations in cases of long-standing 
cirrhosis of the liver. 


SUMMARY 


Clinical and pathologic findings in a case of 


juvenile cirrhosis associated with cyanosis, club- 


bing of the digits, greatly elevated cardiac output 
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and a long bruit are presented. Although careful 
examination of the lungs at necropsy, both 
grossly and microscopically, failed to reveal any 
significant pathology, injection of a_ plastic 
solution into the pulmonary vessels revealed the 
presence of numerous abnormal vascular chan- 
nels connecting the pulmonary arteries and 
veins. Thus the presence of multiple arterio- 
venous fistulas in the lungs, suspected and 
sought for during the patient’s life, was finally 
confirmed, 

Pulmonary arteriovenous fistulas of the clas- 
sical type may be multiple. The findings in the 
present case suggest an entirely different process. 
A review of the literature has failed to reveal 
similar reported cases, probably because injec- 
tion studies of the pulmonary vascular tree have 
not been performed in instances of juvenile 
cirrhosis associated with cyanosis and clubbing. 
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Aggravation of Clinical Manifestations of 
Folic Acid Deficiency by Small 
Daily Doses of Vitamin Bi. 


Joun W. Harris, M.D.7 
Cleveland, Ohio 


He treatment of addisonian pernicious 
{peas by folic acid alone will in due course 
and in a large proportion of patients be followed 
by the appearance of either a hematologic or 
neurologic relapse (or both) as a manifestation of 
an increasing deficiency of vitamin Bj»; in some 
patients glossal relapse has also been de- 
scribed.'~* The clinical observations of Vilter et 
al.*-indicate that the responsiveness to vitamin 
B;2 of patients with pernicious anemia is dimin- 
ished following prolonged folic acid therapy; 
the laboratory measurements of Lear® have 
demonstrated that the serum levels of vitamin 
By. are decreased after prolonged folic acid 
administration. Thus several investigations sug- 
gest that the administration of folic acid may 
provoke more severe depletion of vitamin B,, by 
increasing the metabolic demands for the latter. 

Two cases are reported herein, one of addi- 
sonian pernicious anemia and one of nutritional 
megaloblastic anemia, in which somewhat the 
reverse situation apparently obtained; severe, 
painful glossitis, atrophy of the lingual papillae 
and cheilosis developed during the administra- 
tion of small daily doses of vitamin By». These 
lesions were promptly reversed to normal upon 
the administration of folic acid. 


CASE REPORTS 


Case 1. A. M. (Cleveland City Hospital No. 
U-2149), a sixty-nine year old white widowed woman, 
was admitted to the hospital because of weakness. The 
patient was apparently well and able to care for her- 
self until approximately six months prior to admission 
at which time the family observed that the patient 
began to “slip mentally” and intermittently began to 
be forgetful. She was, however, able to live alone until 
two months before admission when she had to be 


assisted back to her room because of weakness and 
difficulty in walking. Nevertheless, the patient con- 
tinued to care for herself until approximately two 
weeks prior to admission when she collapsed from 
weakness. From then until hospitalization she was 
bedridden. Her family noted that she was extremely 
pale and ate practically nothing during this time. 
Inquiries made among the neighbors and subsequently 
confirmed by the patient revealed that she had sub- 
sisted on a completely inadequate dietary intake for 
more than six months. There was no history of 
alcoholism. The past history and family history were 
non-contributory. 

The temperature, pulse and respirations remained 
normal throughout the hospital stay; the blood pres- 
sure was 130/50 mm. Hg. The patient appeared 
chronically ill and, although disoriented as to time 
and place and unable to respond consistently or co- 
herently, she seemed to be in no acute distress. There 
was marked pallor of the skin, mucous membranes 
and nailbeds, the skin being described as pale lemon- 
yellow in color. The pupils were round, regular and 
reacted to light; the fundi could not be seen due to the 
patient's inability to cooperate. The tongue was very 
smooth and was completely denuded of filiform and 
fungiform papillae; it was pale without signs of 
inflammation. The ‘patient was edentulous. There 
was moderate cheilosis. The chest was clear to per- 
cussion; a few crepitant rales were heard in the left 
lower base. The heart was enlarged 2 cm. to the left of 
the mid-clavicular line; the sounds were of good 
quality and the rhythm regular. A grade Iv rough 
systolic murmur was heard loudest at the apex and 
transmitted over the entire precordium; no other 
murmurs were noted. The liver was palpable 2 cm. 
below the right costal margin in the mid-clavicular 
line; kidneys and spleen were not palpable. Rectal 
and pelvic examinations were normal. Neurologic 
examination showed physiologic active reflexes 
throughout; the Babinski test gave a plantar response. 
Tests for vibratory sensation were difficult to interpret 


* From the Departments of Medicine, Western Reserve University School of Medicine, and the City Hospital, Cleveland, 
Ohio. Supported in part by a grant for Hematology Research from Eli Lilly and Company, Indianapolis, Indiana. 
t Markle Scholar in Medical Science, Western Reserve University School of Medicine. 
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although apparently it was consistently present in the 
arms and legs. Urinanalysis showed a specific gravity 
of 1.012, pH 7.4, negative for albumin, sugar, bile and 
acetone, and no formed elements were seen in a spun 
sediment. Studies of the peripheral blood showed a red 
cell count of 0.89 X 10®/mm.*; hemoglobin 4.3 gm./ 
100 ml.; hematocrit 12.2 per cent. The erythrocyte 
indices were: mean corpuscular volume 137 cu. 4g, 
mean corpuscular hemoglobin concentration 35 gm. 
100 ml., MCH 48 wug. The icterus index was 7.5 units. 
The white cell count was 5.5 &K 103/mm.', and the 
differential count showed the following percentage 
distribution: neutrophils 75, bands, 5, eosinophils 1, 
small lymphocytes 15, adult monocytes 3, young 
monocytes 1. The platelets appeared markedly de- 
creased on examination of the smear. The erythro- 
cytes showed marked variation in size and shape, 
definite macrocytosis with frequent oval macrocytes 
well filled with hemoglobin. The blood urea nitrogen 
was 15.8 mg./100 ml.; fasting blood sugar 88 mg./ 
100 ml.; total protein 6.3, albumin 4.3, and globulin 
2.0 gm./100 ml. The blood Kline reaction was nega- 
tive. An electrocardiogram showed a ventricular rate 
of 80 per minute with evidence of mild left ventricular 
hypertrophy and strain. X-ray examination of the 
chest showed no evidence of pulmonary infiltration; 
the heart was moderately enlarged. The stools were 
brown and guaiac-negative. [he bone marrow showed 
erythroid hyperplasia with abnormal erythrocyte 
maturation consistent with a maturation factor defect: 
abnormal proerythroblasts (‘‘megaloblasts’’), myelo- 
cytes and megakaryocytes were noted. Following the 
transfusion of 250 ml. packed red cells the erythrocyte 
count was 1.71 X 10%/mm.*, hemoglobin 6 gm. 
100 ml. and hematocrit 19 per cent. Gastric aspira- 
tion yielded a fasting sample of 63 ml. of clear juice 
containing 41 units of free hydrochloric acid. The pH 
of this specimen was 2.4. One hour after the injection 
of histamine 120 ml. of juice were obtained that 
titrated to 67 units of free hydrochloric acid. This 
specimen had a pH of 1.5.-“‘Prophylactic” procaine 
penicillin was given during the entire hospital stay. 
Because of the macrocytic type anemia associated 
with leukopenia, thrombocytopenia and the bone 
marrow findings described, an erythrocyte maturation 
deficiency was considered. Combining the demonstra- 
tion of a gastric juice normal in appearance, volume 
and free acidity with the prolonged extremely poor 
food intake, the most reasonable etiologic diagnosis 
appeared to be nutritional megaloblastic anemia 
secondary to dietary lack of folic acid or of vitamin 
By» (extrinsic factor), or both. Blood taken at this time 
for vitamin B,. determination* subsequently showed 
no detectable vitamin By» activity. Accordingly the 
patient was given 1 yg. of vitamin Bye intramuscularly 
daily. On the sixth day (Fig. 1) of therapy the reticulo- 


*We are indebted to Dr. Arnold Lear of the Thorn- 
dike Memorial Laboratory, Boston City Hospital, for 
this determination. 


cytes increased and a peak of 4.9 per cent was reached 
on the eleventh day of therapy. There were no signifi- 
cant changes in the other peripheral blood counts. 
During the course of vitamin By» therapy the patient 
complained more and more bitterly of a painful 
tongue and by the twelfth day of therapy the tongue 
was so painful that she was unable to ingest even 
liquids. The lingual atrophy persisted with complete 
absence of papillae. (Fig. 1.) The tongue became fiery 
and beefy red; and fissures which cracked and bled 
appeared at the corners of the mouth. Because of these 
clinical signs and symptoms and the lack of an ade- 
quate reticulocyte response to the intramuscularls 
administered vitamin By». the patient was given folic 
acid, 5 mg. orally per day. A prompt reticulocyte rise 
ensued, reaching 14 per cent on the sixth day of folic 
acid therapy. This was accompanied by a marked 
increase in well-being with return of appetite and 
steady elevation of the hematocrit, hemoglobin and 
red count. There was dramatic subsidence of the pain- 
ful glossitis and by the fifth day of therapy the redness 
had disappeared so that the patient was able to ingest 
solid foods. Rapid regrowth of the lingual papillae 
occurred and at the end of the first week of folic acid 
therapy the tongue appeared normal. Similarly, the 
cheilosis disappeared, only a trace of the lesions re- 
maining at the end of the first week of therapy. 
Hematologic and clinical (including mental) re- 
covery was uneventful thereafter. 


Case u. J. K. (Cleveland City Hospital No. 
U-44228), a sixty-seven year old white unmarried 
man, came to the hospital because of weakness, 
dizziness and anorexia. The patient stated that he had 
been in apparent good health until five months prior 
to admission, at which time he noted the onset of 
anorexia and from then on a gradual increase of 
generalized weakness. Two months prior to admission 
he was troubled by mild swelling, numbness and 
tingling of the lower extremities. During the month 
prior to admission he noted increased dizziness and, 
on several occasions when moderate exertion was 
necessary, severe precordial distress which was 
promptly relieved by rest. For the previous ten or 
twelve months he had infrequently experienced 
brief episodes of severe pains radiating from both 
flanks to the mid-epigastrium, occasionally followed 
by vomiting. There was no history of alcoholism. Fam- 
ily and past history were essentially non-contributory. 

Temperature, pulse and respirations remained 
normal throughout the hospital stay, the blood 
pressure was 110/50 mm. Hg. The patient was a well 
developed, white-haired, blue-eyed man appearing 
the stated age, not acutely ill and in no apparent 
distress. The skin, mucous membrane and nailbeds 
were markedly pale and the skin was described as 
having a lemon-yellow tint. The pupils were round, 
regular and reacted to light; the fundi could not be 
seen because of corneal opacities. The tongue was 
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Fic. 1. Case 1. Nutritional megaloblastic anemia. The deficiency manifestations of lingual papil- 
lary atrophy, painful glossitis and cheilosis are graded on an arbitrary one to four plus basis and 
the variations in severity of the signs and symptoms are indicated in relation to the therapy and 


hematologic response. 


pale and smooth at the edges but papillae were 
present in abundance on the dorsal surface of the 
tongue. The patient was edentulous. There was no 
cheilosis. The lungs were clear to auscultation and 
percussion. The heart was percussed in the anterior 
axillary line in the fifth intercostal space; the rhythm 
was regular and a grade m apical systolic murmur 
was present and transmitted over the precordium. 
The liver was palpable one fingerbreadth below the 
right costal margin in the mid-clavicular line; the 
spleen and kidneys were not felt. There was a large, 
indirect left inguinal hernia. Rectal examination was 
normal. The reflexes were active and physiologic 
throughout both arms and legs; vibration and position 
sense were intact. The Babinski test elicited a plantar 
response. Laboratory examination showed the urine 
to have a specific gravity of 1.015 and to be negative 
for albumin, sugar, bile and acetone; the centrifuged 
sediment was clear except for three to six white cells 
per high-powered field. The stool was brown and 
guaiac-negative. The blood urea nitrogen was 20.3 
mg./100 mil., fasting blood sugar 88 mg./100 ml., 
total protein 5.5, albumin 3.9, globulin 1.6 gm./ 100 
ml. A blood Kline reaction was negative. Examination 
of the peripheral blood revealed a red cell count of 
0.79 x 10*/mm.*, hemoglobin 2.9 gm./100 ml., 
hematocrit 9 per cent, icterus index of 13 units, 
reticulocytes 0.6 per cent. The erythrocyte indices 
were: mean corpuscular volume 114 cu. g., mean 
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corpuscular hemoglobin concentration 32 gm., 100 
ml., mean corpuscular hemoglobin 37 yyg. The 
leukocyte count was 2.4 < 10°/mm.*, and the differ- 
ential showed the following percentage distribution: 
polymorphonuclears 56, lymphocytes 37, eosinophils 
1 and monocytes 1. Three nucleated red cells were 
seen per 200 white blood cells. The platelets appeared 
reduced in number. The erythrocytes showed marked 
variation in size and shape, definite macrocytosis with 
frequent oval macrocytes well filled with hemoglobin. 
Multilobed polymorphonuclears were noted fre- 
quently. An electrocardiogram was interpreted as 
being within normal limits. X-ray examination of 
the chest showed the lung fields to be clear, with 
moderate cardiac hypertrophy and dilatation. Gastric 
aspiration showed no free acid in the fasting specimen 
and none one hour after histamine injection. A repeat 
examination made later confirmed these results. A 
bone marrow aspiration showed erythroid hyperplasia 
with abnormal erythrocyte maturation consistent 
with a maturation factor defect: abnormal pro- 
erythroblasts (“‘megaloblasts”), myelocytes and mega- 
karyocytes were noted. Following the transfusion of 
one unit of whole blood and 250 ml. of packed red cells 
the red cell count was 1.26 X 106/mm.*, hemoglobin 
4.1 gm./100 ml., and hematocrit 13 per cent. 
Prophylactic’ gantrisin® was given from the first to 
the fourteenth hospital days. 

Because of the typical peripheral blood and bone 
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Fic. 2. Case 1. Addisonian pernicious anemia. The deficiency manifestations of lingual papillary atrophy, painful glos- 
sitis and cheilosis are graded on an arbitrary one to four plus basis and the variations in severity of the signs and symp- 
toms are indicated in relation to the therapy and hematologic response. 


marrow findings and the histamine-refractory achlor- 
hydria a presumptive diagnosis of addisonian perni- 
clous anemia was made. The patient was given a 
vitamin B,:-intrinsic factor preparation.* On the 
eighth day of therapy (Fig. 2) the reticulocytes had 
peaked to 10.2 per cent; the hemoglobin, hematocrit 
and red cell count showed thereafter a steady progres- 
sive rise. On the twenty-fourth day of this therapy the 
red cell count had reached 2.52 & 106/mm.', hemo- 
globin 8.1 gm./100 ml. and hematocrit 26.2 per cent. 
There had been a marked improvement in general 
well-being and appetite concomitant with the reticulo- 
cytosis; however, there was no detectable change 
in the moderate lingual atrophy which had been noted 
upon admission. After approximately two weeks of the 
vitamin By»-intrinsic factor preparation the patient 
complained of a sore tongue and it was then observed 
that the tongue was moderately red and that fissures 
had appeared at the corners of the mouth. By the 
twenty-third day of therapy the patient complained 
very bitterly of the soreness of the tongue, stating 
that it “burned like fire’? and because of this he was 
unable to ingest solid foods. At this time the tongue 
appeared angry red and cheilosis had progressively 
worsened. Therapy was then changed to vitamin Bj, 
1 wg. intramuscularly daily, for reasons to be stated. 


* Supplied by Dr. Kenneth W. Thompson, Medical 
Director of Organon, Inc. 


No further reticulocytosis occurred and the hemo- 
globin and red cell count continued to rise unchanged 
in rate. There was abrupt subsidence of the painful 
component of the glossitis upon institution of this 
therapy; however, the lingual atrophy increased in 
extent and degree and the cheilosis progressed to 
cracking and bleeding. The redness of the tongue 
persisted despite the absence of pain. At this point the 
patient was given folic acid, 5 mg. three times a day 
orally, and within the next five days there was marked 
regrowth of the papillae, the lingual manifestations 
had disappeared and the cheilosis had completely 
healed. No further reticulocytosis was noted and there 
was no significant alteration in the rate of rise of red 
count and hemoglobin during and following folic 
acid therapy. On the nineteenth day of therapy with 
the vitamin B,»-intrinsic factor preparation the pa- 
tient had been started on a proprietary mixture of B 
vitamins which was administered thereafter during 
the remainder of the hospital stay. It consisted of 
thiamine 2 mg., riboflavine 3 mg., nicotinamide 20 mg. 
per tablet, and was given in doses of one tablet three 
times a day. These vitamins exerted no detectable 
influence on any of the patient’s signs or symptoms. 


DISCUSSION 


Severe, painful glossitis and cheilosis ap- 
peared during the administration of small daily 
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doses of vitamin B,, to the two patients described 
here. In Case u (addisonian pernicious anemia) 
there was an associated increase in the degree 
of lingual atrophy, whereas in Case 1 (nutritional 
megaloblastic anemia) the lingual atrophy was 
complete even before therapy had been started. 
Although occasionally complicated by secondary 
infective agents, it is well documented that 
glossitis, atrophy of the lingual papillae and 
cheilosis are almost invariably the result of 
nutritional deficiency.’ The fact that all of these 
signs and symptoms were completely and very 
rapidly reversed to normal upon the administra- 
tion of folic acid is strong evidence that in these 
instances they were indeed manifestations of a 
folic acid deficiency. Except for vitamin By», 
there were no other clinical or laboratory evi- 
dences of deficiencies of other factors known to 
produce these signs and symptoms.’ During the 
period when the patient with pernicious anemia 
received a combination of thiamine, riboflavine 
and nicotinimide, the glossitis and cheilosis 
increased in severity. This would rule out the 
possibility of a deficiency of these factors as 
etiologic agents since they were given in doses 
usually curative. Because of the times at which 
the antibiotics were given to both of these 
patients, it is unlikely that they could have 
played any role in the oral manifestations. Dur- 
ing the latter part of the course of intramuscular 
vitamin By,» and the earlier part of the folic acid 
therapy the glossitis of the patient with nutri- 
tional megaloblastic anemia became so painful 
that it was impossible for her to ingest solid food 
and, for a period of time, liquid food, so that 
parenteral hydration had to be instituted. 

For both patients it would then seem highly 
unlikely that any nutritional factors other than 
the vitamin By, and the folic acid could have 
contributed to the observed changes. 

It is of interest to note that although the 
patient with nutritional megaloblastic anemia 
had a gastric juice that was normal in appear- 
ance, pH, volume and free hydrochloric acid, 
the serum vitamin By, assay by the Euglena 
gracilis method yielded a result indicating no 
detectable amount of the vitamin. A small but 
significant reticulocytosis followed the adminis- 
tration of vitamin B,, to this patient. Although it 
was not possible because of the painful glossitis 
to maintain this therapy long enough to demon- 
strate whether or not a rise in red cell count and 
hemoglobin would occur, the previous findings 
would indicate that this patient had a profound 
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deficiency of vitamin By, such as has been 
demonstrated in addisonian pernicious ane- 
mia*~'® but that this deficiency had been brought 
about by insufficient ingestion of food extrinsic 
factor (vitamin By.) rather than by defective 
absorption chiefly conditioned by lack of ade- 
quate gastric intrinsic factor. The subsequent 
clinical and hematologic response of this patient 
would further indicate that an additional folic 
acid deficiency was present simultaneously. Folic 
acid administered to this patient brought about 
a remarkably rapid improvement in the painful 
component of the glossitis, lingual atrophy and 
cheilosis. Hematologically a good reticulocyte 
response was followed by increases in hemoglobin 
and red count and was associated with marked 
subjective improvement in the patient’s general 
well-being. 

Because the patient with pernicious anemia 
was treated with a test fraction of intrinsic factor 
combined with vitamin Bj: the possibility existed 
that the amount of vitamin B,, transported across 
the gut and made available to the patient was 
sufficient to allow for a hematologic response 
(Fig. 2) but insufficient to provide curative 
doses for the lingual atrophy, glossitis and 
cheilosis. The fact that the manifestations 
increased in severity during the hematologic 
response makes this possibility, of itself, seem 
unlikely. However, to rule out this situation 
more adequately, 1 ug. of vitamin By. was 
administered intramusculary daily, an amount 
that uniformly gives a maximal clinical and 
hematologic response in patients with uncom- 
plicated pernicious anemia. No secondary 
reticulocytosis was noted and there was no 
alteration in the rate of increase in the red cell 
count and hemoglobin, indicating that the 
vitamin By.-intrinsic factor preparation had 
provided the patient with an amount of vitamin 
By: at least equivalent to 1 wg. per day or that the 
initial hematologic response had been a maximal 
one.'' Although the painful aspect of the glossitis 
disappeared very rapidly (perhaps supplying 
evidence that the vitamin B,. was being more 
adequately provided during this period of 
intramuscular administration), there was con- 
tinued progression of the lingual atrophy and the 
cheilosis. After seven days of the intramuscular 
vitamin By, therapy oral folic acid was given to 
the patient in a total daily dose of 15 mg. The 
vitamin Bi, was continued throughout this 
period to obviate the complication that since the 
atrophy and cheilosis had become worse during 


406 Folic Acid Deficiency Aggravated by B,.—Harris 


vitamin B,2 administration they might possibly 
improve if the vitamin were stopped. It can be 
noted from the patient’s chart (Fig. 2) and 
clinical description that with folic acid therapy 
the atrophy and cheilosis subsided remarkably 
rapidly, there being again no significant change 
in the rate of production of reticulocytes, red 
cells or hemoglobin which had, however, by 
then reached a level at which a further reticulo- 
cyte rise would not ordinarily be expected. 

From the observations made on these two 
patients it would then seem most reasonable to 
conclude that both had a severe double nutri- 
tional deficiency of folic acid and vitamin By, 
and that the administration of small daily 
doses of vitamin By», precipitated and aggravated 
the clinical manifestations of the folic acid 
deficiency. 

Numerous observations have now made it 
clear that the administration of folic acid to 
patients with pernicious anemia will in a large 
proportion of cases be followed at some time by 
a hematologic, glossal and neurologic relapse as 
a manifestation of vitamin By» deficiency.'~° In 
addition, it has been reported by Vilter and his 
associates* that the hematologic relapse with folic 
acid is associated with a hypocellular, non- 
megaloblastic bone marrow and that the re- 
sponse to vitamin Bye is a slow one unassociated 
with a marked reticulocyte response. [hese 
workers interpret such observations ** . . . as 
supporting the hypothesis that folic acid must 
work by a mass action effect pushing the reaction 
outlining the synthesis of nucleic acids from 
glycine, formate and the nitrogen pool) to 
completion, thereby further depleting vitamin 
Bi. and aggravating the neurologic disorder 
which must be produced primarily by a vitamin 
By. deficiency. This severe deficiency is reflected 
by an acellular non-megaloblastic bone marrow 
which responds only slowly to replacement 
therapy with the vitamin By,».’’ Some workers 
believe that folic acid alone may have a neuro- 
pathic effect in pernicious anemia. Although 
there is suggestive evidence for this, it cannot 
be stated with certainty on clinical grounds that 
folic acid therapy will bring on or precipitate 
rather than merely allow for the development of 
a more profound vitamin By. deficiency in 
pernicious anemia. Nevertheless, the work of 
Lear® concerning the effect of folic acid on serum 
vitamin Bj». concentrations in pernicious anemia 
would indicate that the administration of folic 
acid *“‘may lower the serum vitamin By level 


possibly by accelerating the utilization § of 
vitamin Bis.” 

The rapidity of development of the glossal 
manifestations in the patients herein described 
suggests that by inducing a hematologic response 
with small doses of vitamin By», the folic acid 
present but somewhat deficient in other areas, 
would preferentially be diverted to the hemato- 
poietic system, thereby inducing a more severe 
deficiency elsewhere. Although not exactly 
comparable, the work by Heath and Taylor," 
and James et al.'* might be adduced in support of 
this hypothesis. These workers demonstrated 
that tissue and plasma proteins are reduced to 
supply material for hemoglobin production dur- 
ing the early phase of induced remissions in 
various types of anemias. 

It should be pointed out that in these present 
studies small daily doses of vitamin By, were 
administered——approximating 1 per day. It 
is entirely conceivable that amounts greatly 
in excess of this would have induced a remission 
in the clinical signs and symptoms. This possi- 
bility would be entirely in keeping with the 
studies of Vilter et al.* demonstrating that when 
hematologic or glossal relapse occurred during 
folic acid therapy a temporary remission could 
be induced by the administration of considerably 
larger amounts of folic acid, presumably by forc- 
ing the utilization of the other factors required 
for maturation, growth and multiplication. 

The clinical course of events in the patients 
described here indicates that administration of 
small doses of vitamin By» precipitated the 
manifestations of folic acid deficiency pre- 
sumably by a mass action effect similar to that 
which has been proposed by Vilter et al. By 
illustrating the circumstances in which the 
administration of vitamin By, can augment or 
aggravate the manifestations of a folic acid 
deficiency, it is suggested that these clinical and 
hematologic observations furnish additional 
evidence concerning the reciprocal nature of the 
relations between vitamin By. and folic acid, 
working through possible essential links in a 
metabolic chain which ends in the synthesis of 
nucleic acids throughout various body tissues 
but especially in the hematopoietic tissues. 


SUMMARY 


Two patients are reported, one with addi- 
sonian pernicious anemia and one with nutri- 
tional megaloblastic anemia, in both of whom 
severe painful glossitis and cheilosis developed 
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during the administration of small daily doses 
of vitamin By». In both patients the lesions were 
promptly reversed to normal upon the adminis- 
tration of folic acid. 

It is suggested that the clinical and hema- 
tologic observations made in these patients 
provide additional evidence for the reciprocal 
relation between vitamin By. and folic acid 
acting upon a metabolic chain that results in the 
production of nucleic acids throughout various 
tissues of the body but especially in the hema- 
topoietic tissues. In the cases described, admin- 
istration of small doses of vitamin By, precipitated 
and aggravated the manifestations of folic acid 
deficiency. 
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Thrombotic Thrombocytopenic Purpura 
with a Positive Coombs’ Reaction’ 


Norton D. Rirz, m.p., Vicror W. GroisserR, M.D. and Morris M. BAnowircu, M.D. 


Brooklyn, New York 


HIS report concerns a case of thrombotic 
purpura with a positive 
Coombs’ reaction. The occurrence of this 
phenomenon has been noted in only two other 
instances of the fifty-five cases reported.’ This 
observation should lessen the emphasis placed 
on a positive Coombs’ test in differentiating this 
condition from acquired hemolytic anemia or 
thrombocytopenic purpura, with which it may 
be confused. 

Reviews of the literature and general discus- 
sions of thrombotic thrombocytopenic purpura 
have been published by Rackow et al.,* Baron- 
dess* and Singer.’ 


CASE REPORT 


A thirty-four year old white housewife was admitted 
to Maimonides Hospital of Brooklyn on October 20, 
1952, because of sudden onset of numbness and weak- 
ness in the left upper extremity, pulling of the lower 
lip to the right, aphasia and faintness twenty-four 
hours previously. Five minutes after the onset of these 
symptoms she recovered without apparent residua. 

The patient had been entirely well until five years 
before when she experienced episodes of redness, 
swelling and warmth of various joints. These episodes 
were of three to four days’ duration but recurred at 
monthly intervals, chiefly during the premenstrual 
periods. She had been treated with aspirin, iodides, 
cortisone and various liniments. Approximately one 
and a half years prior to admission she had noted 
sensitivity of her hands to cold, associated with 
cyanosis of the nailbeds and swelling of the distal 
phalanges. In March, 1952, a physician diagnosed 
her condition as Raynaud’s disease. During the fol- 
lowing eight months, up to the time of admission, 
there was no recurrence of any joint symptoms, 

For six weeks prior to admission the patient had 
noted unilateral occipital headaches, associated with 
occasional blurring of vision, a sensation that her left 
eye was enlarged, tinnitus, dizziness and generalized 
weakness. During this time she also observed petechiae 
and ecchymoses over the trunk and extremities. No 
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other hemorrhagic tendency had been evident except 
menorrhagia at the last menstrual period. 

There was a past history of mumps, appendectomy 
and tonsillectomy during childhood. The patient had 
had two normal full-term deliveries, one and five 
vears before. Eight to ten vears previously she had 
worked in a rubber cement factory and was exposed 
to carbon tetrachloride. Her mother had hypertension 
and her father had rheumatism. Bronchiectasis was 
present in one sibling, rheumatic fever in another and 
asthma in a third. Three other siblings and the pa- 
tient’s both children were alive and well. 

On admission physical examination revealed a tem- 
perature of 99°F., a pulse rate of 96 and blood 
pressure of 110/60. The patient was a pale, white 
woman who had numerous petechiae and ecchymoses 
on the oral mucosa and the entire body area, especially 
the lower extremities. Several small lymph nodes were 
felt in the cervical region, left axilla and inguinal 
areas. [he lungs and heart were normal. The liver and 
spleen were each palpable 2 cm. below the costal 
margin. Examinations of the rectum and pelvis 
showed no abnormalities. The only unusual neuro- 
logic finding was deviation of the uvula to the left. 

The initial blood studies showed an erythrocyte 
count of 1.9 million per cu. mm.; hemoglobin 6.5 
gm. per cent; hematocrit 20 per cent; leukocyte count 
4,700 per cu. mm. with 53 per cent neutrophils, 4 per 
cent band forms, 27 per cent lymphocytes, 15 per cent 
monocytes, 1 per cent basophils. The platelets num- 
bered 10,000 per cu. mm. Bleeding time was fifty 
minutes. Clot retraction did not occur after twenty- 
four hours. The peripheral blood smear showed aniso- 
cytosis, poikilocytosis, hypochromia and one normo- 
blast per 100 leukocytes. The corrected sedimentation 
rate (Wintrobe) was 8 mm. per hour. 

Throughout hospitalization the temperature ranged 
between 98.2°r. and 100.4°r. On the second day after 
admission the patient experienced a syncopal episode 
lasting three minutes. When she regained conscious- 
ness, she was aphasic. It was also noted that there 
was deviation of the tongue to the left, prominence 
of the right nasolabial fold, and weakness of the left 
arm. These findings disappeared in five minutes 


* From the Medical Services, Maimonides Hospital of Brooklyn, and The Department of Medicine, State University of 
New York, College of Medicine, New York, N. Y. 
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without residua. On the third hospital day a similar 
episode of fecal transitory neurologic disturbance 
occurred. That evening the patient passed a large 
tarry stool. The erythrocyte count had fallen to 
1.4 million per cu. mm. and the hemoglobin to 5.7 
gm. per cent; 500 cc. of whole blood was administered. 
Cortisone therapy was begun on the following day in a 
dose of 75 mg. every six hours. A transfusion of 500 cc. 
of packed red blood cells was also given. At this time 
the patient had another transient occurrence of 
syncope, aphasia and left-sided paresis. A second 
episode of tarry stools occurred on the seventh 
hospital day. 

The platelet counts varied between 10,000 to 40,- 
000 per cu. mm. during the first week. The Rumpel- 
Leede test was graded 2+ or 3+; bleeding time 
remained prolonged; clot retraction was not present 
after twenty-four hours. 

After four days at a level of 300 mg. daily, the 
cortisone dosage was continued at 50 mg. four times a 
day. Nine days after instituting cortisone therapy, the 
Rumpel-Leede test gave negative results, although 
bleeding time and clot retraction were still prolonged. 
The platelet counts remained at low levels. On the 
twelfth hospital day the patient again experienced 
marked weakness, vertigo, left-sided numbness and 
uncontrollable crying. Examination revealed hyp- 
esthesia and mild paralysis of the left side of the body. 
It was believed that cortisone had probably decreased 
capillary fragility but had not significantly altered the 
disease process. Splenectomy was therefore performed 
on the fourteenth hospital day. At operation the spleen 
was found to be twice normal in size. A small accessory 
spleen at the hilus was also removed. The other organs 
appeared normal. 

Postoperatively the patient appeared comfortable. 
She received 1,000 cc. transfusion of whole blood. The 
platelet count rose to a level of 110,000 per cu. mm. 
The Rumpel-Leede reaction remained negative. 
Bleeding time diminished to one minute and thirty 
seconds; clotting time was two minutes and forty-five 
seconds. 

On the second postoperative day convulsions, 
stertorous breathing and cyanosis suddenly developed. 
The patient died within five minutes. 

Laboratory studies: During the first week of hospi- 
talization the leukocyte levels varied from 4,000 per 
cu. mm. to 7,100 per cu. mm.; during the second week 
from 4,000 per cu. mm. to 14,000 per cu. mm. The 
differential counts were essentially unchanged. The 
platelets varied from 10,000 per cu. mm. to 40,000 per 
cu. mm. Clotting times were seven to nine minutes 
and bleeding times between twenty-five and fifty 
minutes; clot retraction did not occur. The reticulo- 
cytes were generally elevated and fluctuated between 
16.0 to 26.9 per cent during most of the hospital 
course. 

Four red cell fragility tests ranged as follows: sample 
of the patient’s red cells showed hemolysis beginning 
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Fic. 1. Section of spleen, showing thrombotic lesion. 


at 0.5 per cent, 0.46 per cent, 0.58 per cent and 0.58 
per cent saline solution with completion at 0.30 per 
cent saline solution. Three controls showed beginning 
hemolysis at 0.42 per cent and completion at 0.30 per 
cent saline solution. A direct and indirect Coombs’ 
test performed one day after admission to the hospital 
gave negative results. However, the following day, 
before any transfusions were given, repeated direct 
and indirect tests were now reported as giving posi- 
tive reactions. It is not known whether the first nega- 
tive test was in error, since two additional subsequent 
tests also gave strongly positive results. The Coombs’ 
test on the ninth day was positive in a titer of 1:256 
and the indirect Coombs’ 1:64. Appropriate studies 
showed the absence of cold agglutinins, acid and cold 
hemolysins, differential sheep cell agglutinins and 
cryoglobulins. A blood Wassermann test and agglutin- 
ation tests for typhoid, parathyphoid A and B, 
Brucella and Proteus OX19 all gave negative results. 
Blood cultures taken on several occasions remained 
sterile. Three examinations of the blood for lupus 
erythematosus cells were negative. 

Bone marrow aspirations were performed on three 
occasions. A differential count of one of the aspirates 
was as follows: normoblasts 36 per cent, myelocytes 
10 per cent, metamyelocytes 4 per cent, neutrophils 
32 per cent, monocytes 2 per cent, eosinophils 1 per 
cent and lymphocytes 15 per cent. A large number of 
smudge cells were seen. The megakaryocytes appeared 
to be slightly decreased on smear. However, in 
another instance, when a count of nucleated cells 
from marrow diluted in a standard white cell pipet 
was performed, twenty megakaryocytes were noted 
in one counting chamber, an increased number by 
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Fic. 2. Section of kidney showing thrombotic lesions. 


this technic. The nuclei of the stained megakaro- 
cytes appeared pycnotic and the cytoplasm granular. 
No vascular thrombi were reported in a formalin 
section of one of the marrow aspirates. 

Urinalyses performed on numerous occasions were 
always within normal limits. Five quantitative urinary 
urobilinogen determinations varied from 0.5 to 0.7 
Ehrlich units. Examinations of the urine for bile, 
hemoglobin and hemosiderin were negative. Two 
72-hour fecal urobilinogen analyses indicated 300 and 
500 units per 100 gm. Stool guaiac tests for blood gave 
positive reactions in two specimens. 

The blood chemical examinations were as follows: 
fasting blood sugar 100 mg. per cent, blood urea 
nitrogen 21 mg. per cent, total protein 6.8 gm. per 
cent, albumin 4.1 gm. per cent, globulin 2.7 gm. per 
cent, prothrombin time fourteen and _ one-half 
seconds, control fourteen and one-half seconds; icteric 
index ranged from 10.2 to 18 units. Direct bilirubin 
on one occasion was 0.1 mg. per cent and indirect 
0.3 mg. per cent. Cholesterol was 178 mg. per cent, 
cephalin flocculation 2+ to 4+, thymol turbidity 13.2 
units to 15.7 units, alkaline phosphatase 6 King- 
Armstrong units, serum bicarbonate 28.8. mEq./L., 
serum chloride 106 mEq./L., serum sodium 145 
mEg./L., serum potassium 3.9 mEq./L. Serial 
determinations of these values remained within 
normal levels. Examination of the serum for methe- 
malbumin gave a positive result. 

Spinal fluid examination revealed a clear fluid 
under normal pressure. Five red blood cells per cu. 
mm. were noted; total protein was 33 mg. per cent, 
chloride 135 mEq./L. and glucose 60 mg. per cent. 
Wassermann test, colloidal gold test and culture gave 
negative reactions. 
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Fic. 3. Section of lung showing thrombotic lesions. 


Electrocardiogram showed non-specific T-wave 
changes. Roentgenograms of the abdomen, hands and 
chest were normal. Biopsy of skin and muscle from the 
right calf did not reveal any vascular thrombi or other 
abnormality. 

Autopsy findings: No significant gross changes were 
noted in the abdominal and thoracic organs. ‘Two 
thousand cc. of free and clotted blood were present 
in the peritoneal cavity and 350 cc. of blood in the 
pericardial sac. The brain was externally normal in 
appearance and showed no abnormality on cut 
section. 

Microscopic sections of the heart, lungs, pancreas, 
kidneys, adrenals, bone marrow, intestine and brain 
revealed numerous arteriolar vessels containing 
thrombotic material in varying stages of organization. 
The vessel walls showed foci with homogeneous 
hyaline changes, leading to the subintimal accumula- 
tion of granular material similar to that found in the 
intraluminal thrombi. Sections of the spleen, kidney 
and lung are shown in Figures 1 to 3. 


DISCUSSION 


The acute illness of this patient, which encom- 
passed a period of eight weeks, was rather typical 
of most other recorded cases of thrombotic 
thrombocytopenic purpura in its manifestations 
of bizarre, focal, transitory, neurologic changes, 
the presence of a hemolytic anemia, thrombo- 
cytopenia, purpura and gastrointestinal bleed- 
ing. The acute joint manifestations have also 
been reported in numerous other cases. Only one 
other recorded patient’ has shown 
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syndrome. The explanation for this is not known 
but perhaps may be another manifestation of 
diffuse vascular disease. The possibility of 
thrombotic thrombocytopenic purpura’ was 
strongly considered in this patient during life, 
but neither the muscle and skin biopsy nor the 
bone marrow aspirate revealed vascular thrombi, 
as in the cases of Beigelman® and Cooper et al.° 
These procedures should be attempted in ques- 
tionable cases. 

The evidence for hemolytic anemia in this 
patient included an elevated icterus index, 
increased fecal and urinary urobilinogen, normo- 
blastosis of the bone marrow, elevated reticulo- 
cyte count, and the presence of normoblasts 
and methemalbumin in the peripheral blood. 
The platelets were persistently depressed to 
levels as low as 10,000 per cu. mm. with asso- 
ciated features of purpura and absent clot 
retraction. In most of the reported cases of 
thrombotic thrombocytopenic purpura, mega- 
karyocytes in the bone marrow have appeared 
normal in number, morphology and apparent 
platelet production.’ However, the bone marrow 
in seven instances*:*-*~'® revealed deficient plate- 
let budding. In two of these,*"" as well as this 
case, the megakaryocytes appeared immature. 

The administration of cortisone did not in- 
crease the platelet count but did appear to 
improve the vascular fragility in that the cuff 
test reverted from a 4+ to a negative reading. 
It has been suggested that increased vascular 
fragility as well as diminution in circulating 
platelets is necessary for bleeding in the presence 
of thrombocytopenia. 

In nine previously reported cases,**'°'*>"® 
as in this instance, the osmotic fragility of 
erythrocytes was increased. The variations in 
erythrocyte fragility observed appear to sup- 
port Singer’s concept of an intermittent sphero- 
cytosis in this disease. Singer'* also demonstrated 
an increase in mechanical fragility of red cells in 
his patient. 

Some observers have believed that perhaps a 
negative Coombs’ test reaction is a feature dis- 
tinguishing thrombotic thrombocytopenic pur- 
pura from acquired hemolytic anemia, in which 
it is usually positive. We ourselves were initially 
inclined to regard the Coombs’ test in this light. 
However, although the Coombs’ test gave posi- 
tive results in high titer on three occasions, both 
by direct and indirect methods, review of the 
autopsy findings made the correct diagnosis 
unmistakable. The other two cases on record 
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include one described by Gardner et al.!* which 
was originally reported as a case of idiopathic 
acquired hemolytic anemia until ‘“‘autopsy and 
restudy of the splenic sections showed the typical 
pattern of thrombotic purpura.”’' In the patient 
described by Lennox and Dacie’® the direct 
antiglobulin reaction was only weakly positive. 

The pathogenesis of thrombotic thrombo- 
cytopenic purpura is still a matter of speculation 
and even its name is controversial. Originally it 
was thought that the hyaline thrombi found in 
the arterioles and capillaries of patients with this 
disease were composed chiefly of platelets."’ 
It was further postulated that there is normal 
production of platelets with overutilization, 
resulting in formation of platelet thrombi and 
thrombocytopenia. Some are 
of the opinion that thrombi are the primary 
lesion and that the endothelial changes occur- 
ring in the vascular wall are secondary. 
Others’:*:'*"? contend that the thrombi follow 
primary vascular changes of a degenerative 
nature. The strongly positive Coombs’ reaction 
observed in our patient would also link this 
disorder to a large group of immunohematologic 
diseases. 

No treatment has been curative in this condi- 
tion. Although cortisone appeared to increase 
vascular resistance in the patient reported here, 
no other evidence of improvement was noted. 
However, the successful use of cortisone and 
ACTH in acquired hemolytic anemia and 
idiopathic thrombocytopenic purpura suggest 
continued trial of these agents in treating 
thrombotic thrombocytopenic purpura, espe- 
cially when immune bodies are present. 

In Meacham’s case* splenectomy appeared 
to be of value in contributing to a three-year 
remission. The results in seven other reported 
cases treated by splenectomy have been dis- 
our patient, although the 
platelets increased postoperatively and _ the 
bleeding time returned to normal, splenectomy 
could not be evaluated because of her early 
postoperative death. Since transfusions and 
drugs other than cortisone and ACTH have not 
proved of value in treating this disease, it is our 
opinion that splenectomy should be given a 
further trial, especially if it can be done before 
the patient’s condition has deteriorated. 


SUMMARY 


A case of thrombotic thrombocytopenic pur- 
pura is described in which the reaction to the 
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Coombs’ test, both direct and indirect, was posi- 
tive in high titer. This is the third such instance 


in a total of fifty-five reported cases. 


10. 
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Successful Treatment of Gonococcic 


Endocarditis with Erythromycin’ 


Review of the Literature 


Davip S. Davis, m.p. and Monroe J. RoMANsKy, M.D. 
Washington, D. C. 


N a review of the subject of gonococcic endo- 
| carditis in 1938 Williams! found that less 
than 150 cases had been authenticated since 
Thayer and Blumer* in 1896 first recovered the 
gonococcus from the blood of a patient with 
endocarditis. Williams at this time added an 
analysis of twelve cases. 

During the thirteen-year period from 1936 to 
1948 Jones* found that forty-two cases had been 
described in detail and thirty-nine others had 
been mentioned in the literature. Since 1942, with 
the introduction of penicillin into chemotherapy, 
only four detailed cases have appeared which 
have been treated with this and the newer anti- 
biotics,*~’ as well as mention of five other pa- 
tients treated with penicillin.‘ This decline in 
reported cases reflects the decreasing incidence 
of the more dreaded complications of gonococcic 
infections since sulfanilamide was introduced. 
Furthermore, whereas cures of gonococcic endo- 
carditis were a rarity prior to the sulfonamides, 
the prognosis is now considerably more favor- 
able. Myers‘ in 1947 reported a cure of this 
disease in the first reported use of penicillin for 
its treatment. Subsequently penicillin and sulfa- 
diazine were used successfully in one case 
reported by Dorset and his co-workers.* Hendlin’ 
later reported a recovery following the use of 
aureomycin, penicillin and streptomycin. 

As a further illustration of the efficacy of anti- 
bacterial agents in the management of this now 
fortunately rare gonorrheal complication, the 
first known instance of erythromycin therapy of 
gonococcic endocarditis is reported herein. 


CASE REPORT 


M. C., a twenty-three year old Negress, pregnant 
for the third time and in the fifth month of gestation, 


was admitted to the obstetric service of this hospital on 
August 25, 1954, with a complaint of multiple joint 
pains on motion. There was no history of antecedent 
trauma. The patient had first noted dull pain on mo- 
tion of the right hip on arising five days earlier. 
Despite persisting discomfort in this area, she per- 
formed her housework. On arising the following 
day she experienced dull pain, lasting the entire day, 
on motion of the right shoulder, elbow, wrist and 
ankle, and of the left knee and proximal inter- 
phalangeal joint of the third finger. She was unable to 
perform her housework at this time and obtained 
relief only by lying motionless. Small amounts of 
aspirin were ineffective in relieving pain. Painful 
involvement of the joints mentioned continued during 
the following three days. The third finger of the left 
hand became progressively hot and swollen. Persisting 
joint involvement interfered with the patient's sleep 
and made self-feeding and ambulation difficult. 

Past history revealed that pulmonary tuberculosis 
had been discovered following a routine school x-ray 
survey of the patient at the age of eleven years, 
necessitating a two and a half year hospitalization. 
Films of the chest taken at six-month intervals since 
her discharge with a diagnosis of arrested pulmonary 
tuberculosis had revealed no progression of disease. 
At the age of eighteen the patient experienced severe 
dysuria together with leukorrhea during the sixth 
month of her first pregnancy. At that time she received 
a single injection of penicillin, following which symp- 
toms abated. The first and second pregnancies had 
resulted in normal delivery of a healthy child on both 
occasions. 

On this admission to the hospital (Fig. 1) the pa- 
tient did not appear acutely ill despite complaints of 
severe joint pain. Her temperature was 99°F., pulse 
rate 80 per minute, respiratory rate 20 per minute and 
blood pressure 100/58. There was a fusiform swelling 
of the proximal interphalangeal joint of the third 
finger of the left hand, and the finger was hot, tender 
and red. Tenderness, but no objective findings, was 


* From the Department of Medicine, George Washington University School of Medicine, Washington, D. C., and 
the George Washington Medical Division at the District of Columbia General Hospital, Washington, D. C. 
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° 105 + ystolic urmur Murmur Une! 
i0o4 + Murmur Louder Softer Murmur 
103 + Abscess 
<= 102 + Finger Elbow, arm In Vitro Sensitivity to 
a Penicillin 0.02 u /mi. 
= Tetracycline group meqg/m 
Blood culture required || doys. for N.Gonorrhece. 
neg X | pos.X! neg x4 neg. neq. 
Blood Cultures neg X3 X2 x3 
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HCT 29 33 % 33 28 3! 30 32 
ESR 4 39 30 33 40 
EKG 
Aspirin 
R LV. Toto! dose Erythromycin 
Erythromycin 108 Gm. in 32 days 
P.O. 02 Gm. 
Erythromycin 0.5 Gm.g4h 0.4 Gm. X 9 doys 
Erythromycin Serum 
Levels (meg/ml) 


Fic. 1. Erythromycin treatment of arthritis and acute endocarditis due to Neisseria gonorrhoeae. (Patient M. C.. a 
4 > 


twenty-three year old Negro woman, five months pregnant.) 


elicited at the right shoulder, right hip and left ankle. 
Examination of the heart and lungs revealed no 
abnormalities. The uterus was enlarged to a size 
estimated to be representative of the eighteenth 
week of gestation. Fetal heart tones were not heard. 

Laboratory studies on admission revealed the fol- 
lowing: hematocrit 29, white blood cell count 4,800, 
corrected sedimentation rate 40 mm. in one hour, 
urine specific gravity 1.020; qualitative tests showed 
no urine sugar, acetone or albumin, and microscopic 
examination of the urine was negative. A roentgeno- 
gram of the chest was normal. Roentgenograms of the 
hand showed soft tissue swelling of the third left finger 
at the proximal interphalangeal joint space. Serologic 
tests for syphilis were negative. An electrocardiogram 
was normal. A blood culture was negative and throat 
culture revealed normal flora. 

The patient was placed at bed rest and demerol* 
was given for relief of joint pain. On the first hospital 
day following admission symptoms had remitted in all 
joints with the exception of the right shoulder and the 
third finger of the left hand. Careful examination by 
two members of the medical consulting staff revealed 
no abnormalities other than those previously noted. 
Clinically there was no cardiac enlargement. The 


heart sounds were normal and no murmurs were 
heard. No further improvement occurred over the 
next two days, while further examination was un- 
revealing. A second blood culture during this time 
was negative. On the evening of the fourth day the 
patient complained of severe malaise; her temperature 
was 99.8°Fr., pulse rate 96 per minute and respiratory 
rate 24 per minute. On the basis of an impression at 
this time of an acute rheumatic process she was trans- 
ferred to the medical service and treatment was under- 
taken with aspirin, 1.2 gm. every four hours. 

On the sixth hospital day a low, rumbling systolic 
murmur was detected in the third left intercostal space 
parasternally. The blood pressure was 110/35, right 
arm; 110/45, left arm. Pain in the right shoulder 
slowly subsided over the next several days, the murmur 
persisting. There was no elevation of temperature for 
six days following initiation of aspirin. 

On the tenth day, despite continuance of aspirin, 
the patient’s temperature spiked to 102°r. in the early 
afternoon without further subjective complaints 
or objective findings. On the eleventh day a flat 2 by 5 
mm. lesion was observed on the tip of the fourth finger 
of the right hand, with erythematous margins and 
bluish center surrounded by a white border. A blood 
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culture was obtained hourly for a total of four. On this 
and the following day the rectal temperature varied 
from 99 to 100°r, 

On the thirteenth day there was an increased in- 
tensity of the previously described murmur. The lesion 
on the fourth finger of the right hand had not changed 
in size but now had a pus-like appearance at its 
center; two similar lesions were found overlying the 
right elbow and left forearm. The material at the cen- 
ter of the lesion on the finger was aspirated. Poly- 
morphonuclear leukocytes were found in great 
abundance microscopically but no organisms were 
seen. Culture of the material failed to vield growth. 
Four additional blood cultures were obtained. 

On the fourteenth day coccic growth was detected 
in one of the blood cultures obtained three days earlier, 
although specific identification was impossible at 
this time. With receipt of this information antibiotic 
therapy was undertaken. As part of our evaluation of 
the clinical spectrum of erythromycin,’ this agent was 
used in total dosage of 9 gm. daily, 0.5 @m. every four 
hours orally and 1.0 gem. every four hours intrave- 
nously, in the belief that the patient might have 
meningococcemia. A roentgenogram of the chest taken 
this day showed obscuration of the right costophrenic 
sinus by thickened pleura and or fluid. The white 
blood cell count was 5,500. Twenty-five minutes fol- 
lowing the first intravenous injection of erythromycin, 
a 1.0 ¢m. dose, the patient experienced a shaking chill. 
Her temperature was 100.4°r. A second chill occurred 
the following day, although rectal temperatures were 
normal. The patient offered no complaints during this 
period. 

On the fifteenth day, the second day of treatment, 
the systolic murmur previously heard parasternally 
in the third left intercostal space was noted to have 
increased in intensity. The first heart sound at the 
apex was accentuated, and a third heart sound was 
audible in the same area. Moderate exercise produced 
a transient diastolic murmur at the apex with the 
patient in the left lateral decubitus position. An 
electrocardiogram was normal. 

On the sixteenth day, the third day of therapy, the 
systolic murmur remained unchanged in intensity but 
was now also audible in the aortic area. Two pustular 
lesions were discovered overlying the right knee; other 
pustules appeared on the forehead. A third severe 
shaking chill, lasting twenty minutes, occurred on the 
nineteenth day, at which time the rectal temperature 
was 98.6°Pr. 

On the twentieth day, the seventh day of therapy, 
the systolic murmur was unchanged. No new lesions 
were noted on the skin. The white blood cell count 
was 7,800, hematocrit 31 and corrected sedimentation 
rate 35. The rectal temperatures for the past week had 
remained 98° to 100°r. Symptomatic improvement 
had been manifested in all the joints involved, and all 
cutaneous lesions were receding. 

On the following day the organisms previously 
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found to be growing in a single blood culture were 
identified as members of the genus neisseria. Intra- 
venous erythromycin was discontinued and oral 
erythromycin was increased to a dosage of 0.7 em. 
every four hours. 

On the twenty-third day, the tenth day of therapy, 
the patient was asymptomatic. Virtually complete 
function had returned to the right shoulder but the 
murmurs were unchanged. On the twenty-fifth day 
the systolic murmur was no longer audible over either 
the apex or base of the heart but still could be heard 
parasternally in the third left intercostal space. 
On the twenty-seventh day final bacteriologic idenufi- 
cation was made of Neisseria gonorrhoeae grown in a 
single blood culture obtained on the eleventh hospital! 
day. In vitro antibiotic sensitivity tests revealed the 
following: 


Sensitive to penicillin in concentration 


of 0.02 yw./mi. 
Sensitive to tetracycline in concentra- 

tion of less than 1.0 ypg./ml. 
Sensitive to oxytetracycline in concen- 

tration of less than 1.0 yg./mi. 
Sensitive to chlortetracycline in concen- 

tration of less than 1.0 yg./ ml. 
Sensitive to erythromycin in concentra- 

tion of O01 yg./ml. 


On the thirty-first day, the eighteenth day of 
treatment, grade 2, harsh systolic murmurs were 
present at the apex and pulmonic area. The systolic 
murmur was now less intense in the third intercostal 
space. By the thirty-fifth day the systolic murmur 
had resumed its harsh character and had returned to 
grade 3 intensity parasternally in the third left 
intercostal space. The apical systolic murmur was 
now faint. No diastolic murmur could be heard. 
Serial electrocardiograms continued to be normal. 

Erythromycin was discontinued on the forty-fifth 
day, after thirty-two days of this medication. The fol- 
lowing values were obtained for blood serum con- 
centrations of this agent: 


3d day of therapy, 10.0  yug./ mi. 
14th day of therapy, 5.0 ug./ml. 
24th day of therapy, 0.624 yug./mi. 


During the remainder of her hospitalization the 
patient continued to be afebrile and asymptomatic. A 
harsh systolic murmur of grade 2 to grade 3 intensity 
persisted in the third left intercostal space. After eight 
days of observation in the hospital following cessation 
of erythromycin therapy she was discharged to her 
home with provision for clinical follow-up. 


Comments. Presented herein is the case of a 
twenty-three year old Negress in whom poly- 
articular arthritis developed during pregnancy 
five years after a probable primary gonorrheal 
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infection. Under observation a systolic murmur 
first appeared and later became changing in 
character. A diastolic murmur also made a 
transient appearance. Coincident with the onset 
of murmurs, skin lesions of probable embolic 
nature appeared on the extremities. One of ten 
cultures obtained during the initial period of 
observation yielded growth of N. gonorrhoeae, 
thereby confirming a diagnosis of gonococcic 
endocarditis. 

Specific therapy consisted of a total of 108 gm. 
of erythromycin administered orally and intra- 
venously over a_ thirty-two-day period. No 
growth was observed in nine blood cultures 
obtained during this course of treatment, and 
single blood cultures obtained on the fourth, 
sixth and seventh days after cessation of therapy 
were negative. Marked objective and sympto- 
matic improvement occurred during hospital- 
ization lasting fifty-three days. Two and a half 
months later the patient was delivered of a 
healthy child without further untoward event. 

When last seen ten months after the onset of 
her illness the patient continued to be in excel- 
lent health. She had had no recurrence of 
arthritic manifestations and there had been no 
febrile episodes. Clinically, there was no demon- 
strable cardiac enlargem: nt. Heart sounds were 
of good quality and intensity with a regular 
sinus rhythm of 70 beats per minute. A soft 
systolic murmur remained audible in the third 
left intercostal space. Her blood pressure was 
110 systolic, 65 diastolic. 

In vitro studies*~'® demonstrating the suscepti- 
bility of the gonococcus to erythromycin have 
been clinically supported by reports of use of 
this agent in the treatment of gonorrhea.'® This 
report would seem to indicate the further ap- 
plicability of erythromycin in treatment of 
gonorrheal complications. | 


CLINICAL FINDINGS 


Incidence. ‘Table 1 represents a summary of 
the major reported series of bacterial endo- 
carditis in which attempt has been made to 
establish the bacteriologic diagnosis. 

Thayer'! in 1922 reviewed 176 cases of acute 
and subacute bacterial endocarditis in which 
bacteriologic diagnoses were made and necrop- 
sies performed. He found a gonococcic etiology 
in 11 per cent of this series. Streptococci (all 
strains) were present in 57 per cent. In the 
remaining cases the pneumococcus was present 
in 14 per cent, Staphylococcus aureus in 13 per 
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cent, Hemophilus influenzae in 4 per cent and 
Staphylococcus albus in 1 per cent. 

In 1926 Cabot" stated that he had failed to 
find a single instance of gonococcic endocarditis 
in a study of 1906 autopsies performed some 
vears earlier on patients with heart disease. One 


TABLE 
INCIDENCE OF GONOCOCCIC ENDOCARDITIS 


(Cases of 
Total 
(,ono- Per- 
Clases of 
Author CoCccic cent- 
Lndo- aue 
carditis 
carditis 
Thayer!'. 176 20 11 
Cabot!?... 180 0 0) 
Johnston and Johnston. '* 18 2 11 
Williams’... 38 10 26 
Totals... 412 32 


hundred eighty patients in this group demon- 
strated some form of endocarditis. 

The two cases of gonococcic endocarditis 
reported by Johnston and Johnston'’ reflect 
the results of 1,192 autopsies performed between 
1910 and 1926, among which were eighteen cases 
of acute endocarditis. 

Williams’ report! in 1938 was based on 1,719 
autopsies performed during the preceding 
twelve-year period. He found thirty-eight 
instances of acute and subacute endocarditis. 
The gonococcus was responsible in ten cases, 
Streptococcus hemolyticus in eight cases, Strep- 
tococcus viridans in seven cases, staphylococci 
in four cases, pneumococci in two cases, H. 
influenzae in two cases and other organisms in 
five cases. 

Jones,*® reviewing the world literature for the 
thirteen-year period from 1936 to 1948, listed the 
causative organisms in 212 cases of bacterial 
endocarditis of non-streptococcic etiology; forty- 
two of these were gonococcic. 

Age, Sex and Race. Stone,'* in an exhaustive 
review of gonococcic endocarditis, found an age 
range between two years and fifty-one years 
among eighty-five patients, with an average age 
of 26.4 years. Williams’ twelve patients ranged 
from nineteen to sixty-nine years, with an aver- 
age of thirty-six years. Approximately 65 per 
cent of all the patients reported have been men. 
Only two of Williams’ twelve patients were 
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Negroes, whereas [Thayer found both races 
equally represented in his series. 

Time Relationship of Endocarditis to Primary 
Infection. In most instances it has been impossi- 
ble to ascertain accurate data regarding this 
matter. Many patients either denied or were 
unaware of preceding venereal disease. In others 
the symptoms of such infections had subsided an 
indeterminate number of years previously. In 
the five instances in which Williams was able 
to establish a time relationship this varied from 
three weeks to fourteen years.' 

Related Clinical Findings. Classically, prior to 
use of current chemotherapy, reports of this 
disease were characterized by a “septic course,” 
with chills, sweats and remittent or intermittent 
fever. Daily fluctuations in temperature of as 
much as 8° to 10°r. commonly occurred. Horder 
and Gow'® noted the frequent daily occurrence 
of *‘double peaks’ in temperature which they 
believed to be suggestive of gonococcic septi- 
cemia. Chills were commonly present. 

Coexistent arthritis was present in the majority 
of patients reviewed by Thayer and Williams. 
Arthritic manifestations usually preceded those 
of endocarditis, although in some cases their 
development occurred concomitantly. Multiple 
arthralgia was experienced most commonly. 
This sometimes subsided without sequelae 
or occasionally progressed in one or two joints to 
present characteristics of acute suppurative 
arthritis and associated tenosynovitis. The knees, 
ankles and wrists were the most commonly 
affected joints. 

In approximately one-third of the cases re- 
ported petechiae were exhibited during the 
course of the illness. These lesions varied in size 
from minute spots to areas 1 cm. in diameter, the 
latter occasionally exhibiting central areas of 
necrosis. Other embolic phenomena were noted 
less frequently clinically. The most common sites 
of lodgment were the skin, conjunctivas, 
kidneys, spleen, lungs, brain and myocardium. 

The presence and nature of murmurs and 
other classic cardiac and peripheral signs were 
dependent upon the location and extent of 
valvular involvement. Slight to moderate cardiac 
enlargement was frequently present. The ap- 
pearance of a diastolic murmur or an unmis- 
takable change in quality and timing of systolic 
murmurs during observation of the patient were 
and continue to be among the accepted criteria 
for establishment of the clinical diagnosis. In two 
instances in Williams’ series correct antemortem 
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diagnoses of ruptured aortic cusps were made in 
patients with progressive valvular destruction. 

Acute nephritis was one of the most common 
complications of gonococcic endocarditis. Seven 
of Williams’ twelve patients had this complica- 
tion, and in five of these uremia was the main — 
cause of death. Thayer and Stone also found 
this complication in most of the cases they 
reviewed. It was usually embolic glomerular 
or intracapillary in type and its development 
was first indicated by presence in the urine of a 
moderate amount of albumin, red and. white 
blood cells, and casts. 

Laboratory Findings. Leukocytosis was usually 
outstanding. In Williams’ series the white 
blood cell counts ranged from 10,500 to 53,700, 
with an average of 21,120. Thayer found white 
blood cell counts greater than 20,000 in fourteen 
of his twenty-two patients. Stone found the 
highest count to be greater than 26,000 in 
eighteen of his thirty-seven patients. The hemo- 
globin value steadily declined with progression 
of the untreated disease. Electrocardiographic 
changes most commonly encountered by Wil- 
liams consisted of I wave depression, and slur- 
ring and notching of the QRS complex. 
Albuminuria, hematuria, pyuria and _ casts 
signaled the onset of dreaded renal complications. 

Duration of Iliness. Thayer observed that the 
chronicity of gonococcic endocarditis occupied 
a mid-position between the acute fulminant 
endocarditis associated with the hemolytic 
streptococcus, pneumococcus and staphylococ- 
cus, and the subacute process which is usually 
associated with S. viridans and the influenza 
bacillus. Among the twelve patients in Williams’ 
series the duration of illness prior to death was 
estimated as varying from ten days to fourteen 
weeks, with an average of five and a half weeks. 


ANATOMIC FINDINGS 


Varying degrees of erosion and ulceration of 
the valvular leaflets was the chief pathologic 
finding. Vegetations were usually large and 
friable, grayish yellow, and composed of fibrin, 
leukocytes and gonococci. In the combined 
data of Kirkland,'® Thayer'' and Williams,’ 
based on 103 reports of gonococcic endocarditis, 
the valvular afflictions encountered were as 
follows: forty-five aortic lesions, twenty-five 
mitral lesions, seven pulmonic lesions, one tri- 
cuspid lesion, twenty-five lesions affecting more 
than one valve (thirteen of these had the com- 
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bination of aortic and mitral involvement). 
Thus 90 per cent of all sengle valvular lesions 
involved the left side of the heart; in all cases, 
including those with multi-valvular involvement, 
the left side of the heart was exclusively affected 
80 per cent of the time. 

Thayer and Williams found slight dilatation 
of the cardiac chambers in a few instances, but 
little if any cardiac hypertrophy was noted. 
Thayer encountered pericarditis in four in- 
stances; Stone noted this finding in thirteen 
cases. [This lesion was usually of the purulent 
variety. 

Williams found areas of focal necrosis in the 
myocardium in six of ten postmortem examina- 
tions. In addition, Williams found two instances 
of ruptured cusps, two cases of embolic pneu- 
monia and two cases of interstitial pancreatitis. 
Six of his patients had splenic infarcts. He found 
the liver to be enlarged and congested in all ten 
cases. Eight patients had glomerular nephritis 
(three intracapillary, three embolic, one acute, 
one acute focal): two had renal infarcts. 

Among the twelve cases in Williams’ study, 
the chief cause of death was ascribed to acute 
heart failure in six, to uremia in five and to 
cerebral embolism in one. 


DIAGNOSIS 


The successful diagnosis of bacterial endo- 
carditis, regardless of etiology, is dependent upon 
and directly correlated with the index of suspi- 
cion of the physicians in attendance. The chief 
obstacle in substantiation of the diagnosis of 
gonococcic endocarditis is the recovery of the 
organism on blood culture. Even in the presence 
of an adequate nutritional environment, many 
days are often required for cultivation, follow- 
ing which fermentative and agglutinative reac- 
tions are required for differentiation. The prob- 
lem of cultivation is further magnified when the 
size of the inoculum, in terms of the number of 
organisms in a blood sample, may be small. Yet 
an added impediment may be ascribed to the 
right-sided cardiac lesion with the capillary bed 
of the lungs serving as a filter before the organ- 
isms reach the general circulation. 

Gonococci were grown in antemortem blood 
cultures one or more times in nine of the twelve 
cases composing Williams’ series. (Five of these 
nine had gonococci in smears made from vegeta- 
tions at necropsy.) The medium employed for 
blood culture consisted of dextrose-agar and 


yeast-broth to which ascitic fluid was added. In 
our laboratory, in the case reported herein, 
brain-heart infusion (difco") was used, and the 
cultures were incubated under increased carbon 
dioxide tension. 

Gonococcemia without endocarditis and non- 
gonococcic bacterial endocarditis pose the major 
problems in differentiation of this condition. In 
addition, other occasional causes of temporary 
confusion are acute rheumatic fever, meningo- 
coccemia, miliary tuberculosis, typhoid fever, 
malaria and pylephlebitis. 


PROGNOSIS 


Freund et al." estimated a mortality rate of 
93.5 per cent in 1938, prior to the sulfonamide 
era, based on seven recoveries in 108 patients 
“definitely proved to have the condition.’ How- 
ever, Futcher and Scott'* found only three cases 
of authenticated recovery based on the diagnostic 
criteria of (1) positive blood culture and (2) 
diastolic murmur at the base of the heart ap- 
pearing or disappearing under treatment. In the 
eighteen cases listed in Table u, including our 
own, in which an antibiotic and, or sulfonamide 
was employed, the mortality was approximately 
40 per cent. 


TREATMENI 


Prior to specific therapy with antibiotics 
many forms of treatment were advocated and 
utilized in varying combinations. These in- 
cluded blood transfusions, gonococcic vaccines 
and serums, intravenous silver, mercurochrome, 
arsenic and artificial induction of hyperthermia. 
In three well authenticated cases in which re- 
coveries were reported,'**' all three patients 
received one or more blood transfusions and two 
received vaccines. ‘Table u summarizes the 
results of specific chemotherapy. 

Of eight patients who received a sulfonamide 
drug prior to the antibiotic era, four sur- 
vived ,18.22—25 

Myers report’ is the only detailed instance of 
the use of penicillin as the sole antibiotic in 
therapy of gonococcic endocarditis. In addition 
to the recovery of his own patient, Myers wrote: 
‘The National Research Council received reports 
of penicillin therapy in five cases of acute 


gonococcic endocarditis. Recoveries or clinical 


arrests were reported in three of these cases.” 
As also noted in Table u, there are three case 
reports of combinations of antibacterial agents 
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TABLE I 
RESULTS OF TREATMENT OF GONOCOCCIC ENDOCARDITIS WITH SULFONAMIDES AND ANTIBIOTICS 


Year Authors Agents Dose Deaths 
| 
1938 Calderon-Hernandez*™ Sulfanilamide 34.5 em. 1 1 
1939 Futcher and Scott'* Sulfanilamide 4 3 
1939 Onvgain and Poston*’ Sulfapyridine Approx. 200 gm. 
1940) Beckley and MeCrea* Sulfanilamide ? 
1940) Dohmen*® Diseptal B ( Neo-uliron) 12 gm. 
1947 Myers* Penicillin 10.99 mil. u. I I 
1947 National Research Council ' Penicillin ? 5 2 3 
1949 Dorset et al.° Penicillin, sulfadiazine 23 mil. u., 62 em. ] | l 
1953 -Pereira* Penicillin, streptomycin, ? I 
aureomycin, terramycin 
1953 Hendlin’ Sulfadiazine Approx. 20 gm. I 
Penicillin Approx. 3 ml. u. 
Aureomycin Approx. 96 
Streptomycin 3 gm. 
1954 Davis and Romansk,s Lryvthromycin 108 erm. I I 
Totals 18 7 11 
used in treating this disease, with two instances *. Henpuix, A. G. Acerca de un caso de mioendo- 


carditis gonococcica. Did méd., 25: 63, 1953. 

8. Romansky, M. J., Nasovu, J. P., Davis, D. S. and 
Rirts, R. E. The treatment of 171 patients with 
erythromycin, including 132 with bacterial pneu- 
monia. In: Antibiotics Annual 1955-1956. New 


of recovery’? and one death.* 


SUMMARY 


1. Successful therapy with erythromycin of a York. Medical Encyclopedia, Inc. 
9. Haicut, T. H. and Fintanp, M. Laboratory and 
patient with gonococcic endocarditis is reported. an J 
2. Erythromycin, 108 g@m., was administered Med., 247: 227, 1952. 3 
¢ orally and intravenously over a thirty-two-day 10. Gasre, G. R., Romansxy, M. J. and Taccarrt, S. R. 
period. Treatment of gonorrhea with erythromycin. Am. J. 


Syph., Gonor. @ Ven. Dis., 37: 377, 1953. 


3. A review of the literature of gonococcic 
11. Tuaver, W. S. Cardiac complications of gonorrhea. 


endocarditis is presented. Bull. Johns Hopkins Hosp., 33: 361, 1922. 
12. Casor, R. C. Facts on the Heart, p. 570. Phila- 
REFERENCES delphia, 1926. W. B. Saunders Co. 

13. Jounston, J. I. and Jounstron, J. M. Gonococcal and 
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Int. Med., 61: 26, 1938. 14. Srone, E. Gonorrheal endocarditis. J. Urol., 31: 869, 
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1205, 1947, M. A., 110: 549, 1938. 

5. Dorset, V. J., Setcxnacyt, C. G. and Terry, L. L. 18. Furcner, P. H. and Scorr, V. C. Four cases of 
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1953. 1930. 


SEPTEMBER, 1956 


480 


. Newman, A. B. The prognosis in gonococcal endo- 
carditis. Am. Heart J., 8: 821, 1933. 

. Cromer, J. K. Gonococcemia with endocarditis and 
recovery. MM. Ann. District of Columbia, 6: 15, 1937. 

. CALDERON-HERNANDEZ. Endocarditis gonococica 
curada por la quimioterapia sulfamidica. Actas 
dermo-sif., 30: 175, 1938. 


23. Orcatn, E. S. and Poston, M. A. Gonococcal 


Gonococcic Endocarditis—Davis, Romansky 


endocarditis, with recovery after sulfapyridine. 
New England J. Med., 221: 167, 1939. 

24. Beckiey, A. G. and McCrea, L. E. Gonorrheal 
endocarditis. M. Rec., 152: 108, 1940. 

25. Donmen, A. Uber eine geheilte Gonokokken-Endo- 
karditis, kompliziert durch eine Malaria quartana, 
behandelt mit Diseptal B (Neo-Uliron). Med 
Welt, 14: 793, 1940, 


AMERICAN JOURNAL OF MEDICINE 


20 
21 
22 
a 


Superior Vena Cava Draining into 
Left Atrium’ 


Another Cause for Left Ventricular Hypertrophy with Cyanotic 


Congenital Heart Disease 


HerMAN TUCHMAN, F. Brown, m.p.,f H. Huston, m.p.,§ 
Arvin B. WEINSTEIN, M.D., GEORGE G. Rowe, M.D. and 
CHARLES W. CRUMPTON, M.D. 


i: Madison, Wisconsin 


EVELOPMENTAL anomalies of the systemic 
D return to the heart have recently been 
reviewed.’ A persistent left superior vena cava 
commonly drains into the right atrium via the 
coronary sinus. It is unusual to find the superior 
vena cava entering the left atrium. Winter 
reported twenty-one cases from the world litera- 
ture in which the left superior vena cava drained 
into a left atrium, common atrium, or sinus 
venosus and all showed associated septal defects. 
In his own series four patients in whom the 
superior vena cava entered the left atrium all 
had other complicating defects.* Friedlich, 


Bing and Blount in 1949 described four patients © 


with complicated defects in whom cardiac 
catheterization demonstrated that the superior 
vena cava drained into the left atrium,’ but to 
our knowledge no instances have been reported 
in which this anomaly was present without other 
congenital cardiac defects. A case in which post- 
mortem examination revealed that the inferior 
vena cava entered the left atrium has recently 
been described.‘ 

Clinical, hemodynamic and anatomic descrip- 
tions are presented herewith of a patient diag- 
nosed by cardiac catheterization in whom the 
superior vena cava entered directly into the left 
atrium. This anomaly was the only congenital 
abnormality present. 


CASE REPORT 


The patient was a fifteen year old white boy who 
was admitted on February 26, 1955, to the University 


Hospitals complaining of fatigue and unexplained 
fever. The patient’s mother had had no major illnesses 
during her pregnancy and the birth was uncom- 
plicated. She had noted cyanosis of the boy’s finger 
tips when he was sull very young. Although he was the 
largest child and could outdo his siblings in a simple 
test of strength, his endurance was limited. He had 
excelled scholastically but six months before admission 
to the hospital a perceptble decline in his academic 
standing had occurred. The patient stated that in 
September 1954, he had experienced transient and 
intermittent afternoon fever (99° to 100°F.). He had 
noted easy fatigability, and shortness of breath and 
precordial pain with exertion. In October 1954, his 
local physician found that polycythemia was present. 
In November he entered the local hospital for cardiac 
evaluation. He was discharged in six days without a 
definitive diagnosis having been made. 

Physical examination at this hospital revealed a well 
developed and well nourished white boy who ap- 
peared somewhat dull. The pulse was 88 per minute, 
the respiratory rate 20 per minute, and the blood 
pressure 120/70. The temperature was 100°F. but no 
significant temperature elevation persisted during the 
hospital stay. His height was 5 feet 10!» inches and he 
weighed 156 pounds. The patient appeared to be 
moderately plethoric with cyanosis of the acral parts. 
Down-curving of the finger nails without actual club- 
bing was noted. The conjunctival and retinal vessels 
were engorged. No cardiac murmurs were heard. The 
left border of cardiac dullness was at the mid- 
clavicular line. The liver was palpable 3 cm. below 
the costal margin and the spleen was just palpable. 
Laboratory evaluation revealed a hemoglobin of 19.4 
gm. per 100 cc., erythrocyte count 6.61 million, leuko- 
cyte count 7.0 thousand and the differential count was 


* From the Cardio-Pulmonary Research Laboratory and the Department of Medicine, University of Wisconsin Medical 
School and the University Hospitals, Madison, Wisconsin. 
+ Trainee of the National Heart Institute, U. S. Public Health Service, 1955, 
t Trainee of the National Heart Institute, U. S. Public Health Service, 1954. 
§ Research Fellow, Wisconsin Heart Association. 
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Fic. 1. Roentgenogram of the chest. 


TABLE I 
DATA OBTAINED DURING CARDIAC CATHETERIZATION 


Pressure 
Oxygen (mm. Hg) 
Catheter Site Saturation * 
(%) | 
S.D. Mean 

Superior vena cava... 78 
Inferior vena cava. .... 77 
Right ventricle....... 70 30/0 
Pulmonary vein...... 100 + 6.2 
92 118/—10 
Femoral artery........ 90 96/72 76 


Note: surface area (M?*) = 1.89; O» consumption 
(cc./min.) = 339; Ox capacity = 23.9 vol. per cent. 

Blood flow (L./min./M?): systemic = 8.5; pulmonary 
= 5,3. 

Shunt (L./min./M.*): R— L = 3.2 (38 per cent); 
L— R =0; over-all = 3.2. 

* Oxygen saturations were determined with a curvette 
oximeter. 


normal, Hematocrit was 58 per cent. A diagnosis of 
polycythemia rubra vera was entertained. | 
A teleroentgenogram revealed cardiomegaly (Fig. 


Fic. 2. Radio-opaque catheter entering the left atrium 


from the superior vena cava; the tip of the catheter is in 
the left ventricle. 


1) and fluoroscopy confirmed moderate left ventric- 
ular enlargement. [The electrocardiogram revealed 
notching of QRS complexes in standard leads u and 
it, T wave inversion in u, m, AVF and V¢, and a delay 
in the intrinsicoid deflection in the left precordial leads 
suggesting left ventricular hypertrophy. 

Because no satisfactory explanation for the cyanosis 
and left ventricular hypertrophy had been found, 
cardiac catheterization was performed on March 2, 
1955. A catheter, introduced through the left median 
antecubital vein, passed through the superior vena 
cava and approached the heart shadow in a normal 
manner. However, instead of descending into the 
right atrium it veered to the left and entered the left 
atrium and left ventricle. (Fig. 2, Table 1.) From the 
left atrium the catheter entered all four pulmonary 
veins but could not be made to enter the right atrium. 
Therefore, the catheter was introduced through the 
left femoral vein and the inferior vena cava into the 
heart. The catheter entered the right atrium in a 
normal way but could not be passed out of the atrium 
into the superior vena cava. During attempts to 
find the superior caval entrance, auricular fibrillation 
with a rapid ventricular rate began. The catheter 
tip was successfully placed within the right ventricle 
but runs of ventricular tachycardia occurred when an 
attempt was made to pass it into the pulmonary 
artery. The catheterization was terminated and the 
patient was given 0.8 mg. of lanatoside C (cedilanid®) 
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Fic. 3. Opened left atrium and left ventricle with scissors placed in the superior vena cava. Note the thickened wall of 
the left ventricle and the surgical anastomosis between the innominate vein and the right atrium. 


intravenously. Twelve hours later normal sinus 
rhythm was present. It was the impression clinically 
at this time that the patient had a single vascular 
anomaly in which the superior vena cava en- 
tered directly into the left atrium, and surgery was 
recommended. 

Surgical exploration confirmed that the superior 
vena cava entered the left atrium. The aorta and left 
ventricle were enlarged. The right atrial appendage 
was hypertrophied and dilated. Within the peri- 
cardium and extending upward from the cephalic 
end of the right atrium was a fibrous remnant of the 
normal superior vena cava. The surgical procedure 
will be described by the thoracic surgery department 
elsewhere. The patient died twenty hours after 
operation. 

Postmortem examination showed that the superior 
vena cava entered the left atrium, (Fig. 3) and thor- 
ough examination failed to reveal any other con- 
genital cardiac anomalies. In the right atrium opposite 
the fibrous remnant of the normal superior vena cava 
was a dimple in the endocardium, 2 mm. in diameter. 
(Fig. 4.) The left ventricle was hypertrophied, meas- 
uring 2 cm. in thickness. 


COMMENTS 


Detection of variations in the venous return 
has become more frequent with the use of cardiac 
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catheterization and angiocardiography for the 
diagnosis of congenital disease of the heart. The 
embryologic development of the venae cavae 
has recently been reviewed by Miller, Inmon 
and Pollock.' For the most part, the persistent 
left superior vena cava drains either into the 


- coronary sinus and then into the right atrium 


where it does not alter hemodynamics, or into 
the left atrium where it is associated with other 
abnormalities which markedly affect the pattern 
of circulation. In this patient the superior vena 
cava entered directly into the left atrium and 
was the only developmental defect. The hemo- 
dynamic result was a significant right to left 
shunt and no evidence of strain on the right 
heart was present; rather, the left ventricle was 
hypertrophied. 

This case is thought to be of interest for several 
reasons: (1) another type of cyanotic cardio- 
vascular anomaly producing left ventricular 
hypertrophy is described, and (2) the quantity of 
shunt as calculated here confirms the existing 
impression that approximately one-third of the 
venous return is via the superior vena cava 
and two-thirds via the inferior vena cava.*® The 
diagnosis should be easily available to all who 
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Fic. 4. The opened right atrium showing the fossa ovalis 
and a small dimple in the endocardium at the usual site 
of entry of the superior vena cava. 


have access to cardiac catheterization and 
angiocardiography, and correction by surgery is 
feasible. 

In this case angiocardiography was not per- 
formed because of the fear of presenting a high 


concentration of contrast material directly to the 
coronary arteries and systemic circulation,’ and 
because a satisfactory diagnosis had been made 
by cardiac catheterization. 


SUMMARY 


A case of cyanotic congenital heart disease 
with left ventricular hypertrophy is described. 
Cardiac catheterization revealed a_ superior 
vena cava which drained into the left atrium. 
No other cardiovascular abnormality was pres- 
ent. The diagnosis was confirmed by operation 


and postmortem examination. 
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Notes on the Diagnosis and Management of “Dizziness” 


Ill. Meniére’s 


VERTIGO 


DRAMAMINE IN 


1. Paroxysmal Whirling Vertigo. This consists of sudden attacks of dizziness, often when 
the patient is at rest or asleep. The patient may feel that he himself is whirling or that fixed 
objects about him are whirling. The attack usually lasts for a few minutes; occasionally it 


is severe for weeks or subacute for months. 


also progressive. 


Fewer diagnostic errors’ will result if a “triad of 
symptoms” is required of patients with suspected 
Méniére’s syndrome. These are the symptoms of 
typical Méniére’s syndrome: 

1. Severe paroxysmal vertigo which may be of two 
types; either the patient feels that he is whirling 
or that objects about him are whirling. 

2. Fluctuating subtotal hearing loss, usually affect- 
ing the higher tones, is noted at the same time as 
vertigo. 

3. Tinnitus, usually unilateral, is associated with the 
deafness and dizziness. 

With Méniére’s syndrome there is no definite locali- 

zation® by the Barany (vestibular reaction) test and 

results of the caloric test are not diagnostic. Physi- 
cal examination should rule out disease of the cen- 

tral nervous or cardiovascular systems before a 

diagnosis is made. 

“Treatment with Dramamine®. . . is effective® in 
aborting and preventing attacks of Méniére’s syn- 


2. Subtotal Hearing Loss. 

Deafness will usually affect the 
high tones and it may be uni- 
lateral or bilateral. Sometimes 
the hearing loss is severe and 


3. Tinnitus. This is usually unt- BB 
lateral and present in the ear , 
with greater hearing loss and 
is without a definite pattern. 


drome ... will prevent or arrest attacks of vertigo. 
It will also reduce the intensity of the tinnitus and 
sO may save some of the hearing in the affected ear.” 

Dramamine is recommended for Méniére’s syn- 
drome as the sole therapy or in combination with 
other treatment programs. 

It is a therapeutic standard also for motion sick- 
ness and is useful for relief of nausea and vomiting 
of radiation sickness and fenestration procedures. 

Dramamine (brand of dimenhydrinate) is supplied 
in tablets(50 mg.); Supposicones®(100 mg.); ampuls 
(250 mg.); liquid (12.5 mg. in each 4 cc.). G. D. 
Searle & Co., Research in the Service of Medicine. 


1. DeWeese, D. D.: Symposium: Medical 
Dizziness. The Importance of Accurate Tr. 
Acad. Ophth. 58 :694 (Sept.-Oct.) 1954. 

2. Jackson, C., and Jackson, C. L. (editors): Diseases of tne 
Nose, Throat, and Ear, Philadelphia, W. B. Saunders Com- 
pany, 1945, pp. 368; 414. 

3. Queries and Minor Notes: Méniére’s Syndrome, J.A.M.A., 
141 :500 (Oct. 15) 1949. 


65 


— 
. 
| 
4 \- 
SEARLE 


66 


ROMILAR 1S AT LEAST AS EFFECTIVE AS CODEINE 


Milligram for milligram, 


Romilar is equal to codeine 
in specific 


antitussive effect 


re, 


For avoiding unwanted side effects 


ROMILAR 1S CLEARLY BETTER THAN CODEINE 


Non-narcotic, 


non-addicting— 
does not cause drowsiness, ‘ 
nausea, 


or constipation 


Hoffmann-La Roche Ince NutleyeN. J. 


Romilar® Hydrobromide—brand of dextromethorphon hydrobromide 


Syrup, Tablets, Expectorant (w. 


For controlling cough 
| 
SS 


Since the ulcer patient can not 
get away from it all, prescribe 
MONODRAL with MEBARAL to more 
effectively isolate the ulcer from 
the patient. 


MONODRAL with MEBARAL controls 
hyperacidity by a proved superior 
antisecretory action. 


Relieves pain promptly, promotes 
healing. 


Controls hyperirritability and 
hypermotility of the upper gastro- 
intestinal tract, relieves pyloro- 
spasm. 


induces a serenity of mind without 
affecting mental alertness,softens 
the emotional impact of environ- 
mental stimuli. 


Controls the psychovisceral com- 
ponent of peptic ulcer. 


MONODRAL with MEBARAL Tablets, 1 or 2 
tablets three or four times daily. Each tablet 
contains 5 mg. MONODRAL bromide and 
32 mg. MEBARAL. Bottles of 100 tablets. 


New York 18. N.Y. + Windsor, Ont. 


FOR COMPLETE 


of pe 


Monodral (brand of penthienate) and Mebara! (brand of mephoberb:ta!), 
trademaris reg. U.S. Pat. Off. 
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rheumatoid arthritis 


clinical evidence™ indicates that to augment the 
therapeutic advantages of the predni-steroids” 
antacids should be routinely co-administered 


to minimize gastric distress 
ROUTINE 
CO-ADMINISTRATION 
MEANS 
(Prednisolone Buffered) 
“predni-steroids” plus | (Prednisone Buffered | 
positive antacid action to 2.5 mg. or 5 meg. 
prednisone or 


minimize gastric distress. prednisolone with 


Multiple 
Compressed 
Tablets 


All the benefits of the / 
. 


References: 1. Boland, E. W., 50 mg. magnesium 

J.A.M.A. 160:613 (February trisilicate and 

25) 1956. 2. Margolis, H. M. 300 mg. aluminum MERCK SHARP & DOHME 
et al., J.A.M.A. 158:454 (June net 

11) 1955. 3. Bollet, A. J. et al., 
J.A.M.A. 158:459 (June 11) PHILADELPHIA 1. PA 

1955. 


*‘CO-DELTRA’ and ‘CO-HYDELTRA’ are trademarks of Menck & Co, INC. 
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in respiratory allergies 


' plus positive antacid action 
to minimize gastric distress 


ROUTINELY ACHIEVED WITH 


Clinical evidence'* indicates that 
to augment the therapeutic advan- 
tages of prednisone and predniso- 
lone, antacids should be routinely 


co-administered to minimize gas- } prednisone 
tric distress. A prednisolone with a 
50 mg. magnesium 
References: 1. Boland, E. W., J.A.M.A. trisilicate and 
ae (Wetrensy 38) 1956. 2. Mangelie, 300 mg. aluminum MERCK SHARP & DOHME 
al., J.AM.A. 168:404 (June 11) 
1955. 3. Bollet, A. J. ef al., J.A.M.A. hydroxide gel. OIVISION OF MERCK @ CO.. Ine. 
4 158:459 (June 11) 1955. PHILADELPHIA 1, PA. 


‘CO-DELTRA’ ead ‘CO-HYDELTRA’ are trademarts of Munck &€ Co., INC, 
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SYMPOSIUM 


Nutrition and the Kidney 


Guest Editor: 


RosBert M. Kark, M.D. 


Department of Medicine, University of Illinois College of Medicine 


Kaliopenic Nephropathy 


Dr. Jerome W. Conn 
University of Michigan 


Renal Lesions in Kwashiorkor 


Pror. Joun N. P. Davies 
University College of East Africa 


Dietary Treatment in Acute Anuria 


Dr. K. G. Lowe anno Dr. H. VALTIN 
University of St. Andrews 
Scotland 


Nutritional Aspects of Chronic Renal 
Failure 


Dr. ARTHUR J. MERRILL 
Emory University 


Renal Defense of Body Composition 


during Malnutrition and Kidney 


Disease in Children 


Dr. Jack METCOFF 
Harvard Medical School 


6. The Effects of Diet on Renal 


10, 


Function in Healthy Men 


Dr. Freperick Sarcentr II anp 
Dr. Rorert bk. Jounson 
University of Illinois 


Nutrition and the Nephrotic 
Syndrome in Adults 


Pror. Joun R. Sourrte 
University of Birmingham 


Nutritional Aspects of Acute 
Glomerulonephritis 


Dr. Hyman J. 
Veterans Administration Hospital 
(Chicago 


Renal Function in Scurvy 


Dr. Lennox Eares AND Dr. T. J. 
University of Capetown Medical School 


Calcium and the Kidney 


Dr. Dante AuSUNER 
Hektoen Institute 
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clinically proved in many common infections'’” 
. 
. 
R dosage: 1 or 2 tablets t.i.d. without regard to meals. Bottles of 12 and 1 


CASE SUMMARy 


On 6/2/55, Patient, male 


fracture and Tefractureg t 
right femur 


osteomyelitis. 
10 units: 


Penicillin, 
tetracycline 


| 
| 
* 
8/3/55 
“8¢ 28, fell on an old | 
& he Middle third of the 
““4MPOsed on 4n old “Steomyelitis. 
| | On 0/7/55, the Wound Was S4ucerized anda hemo. 
lytic S. aureus (coag, t+) was isolated from the 
Disc °€NSitivitie 
Tomycin, 10 nc 
10 meg, 
On ‘71S. Patient wa. Placed on “Tythromycin 
therapy 400 "gm. q. 6. h, Patient afebrile after | 
©“Tythromycin Started, X-rays Showed €vidence of J 
healing With calluc formation. No °€Plicemia and 
Clinica] €vidence indicates Control of the infection. | 
On 8/3, the Cast was “€Moved and leg recast, Wound >. 
Was in 200d ©Ondition With Minima] drainage. > 
Diagnosis. fracture Middle third of Tight femur, | 
©Omplicateg by °St€omyelitis. 
Result: ©“Tythromycin aided healing Of the Old osteo. 
™MYye€litis ang Kept the infection under Control. 
\ 
¥ om Municatio,y lo A bhots Laboratories ( 
\ 


Specific—because you can actually pinpoint 
the therapy for coccic infections. That’s 


sp ec i fi C agal ns t because most bacterial respiratory 


infections are caused by staph,- strep- 


cocc i Cc infe eti ons and pneumococci. And these are the very 


with little risk 
of side effects 


organisms most sensitive to ERYTHROCIN 
~even when they resist other antibiotics. 


Erythrocin 


(Erythromycin. Abbott) 


STEARATE 


Low toxicity—because EryTHROCIN rarely 
alters intestinal flora. Thus, your patients 

seldom get gastroenteral side effects. 

Or loss of vitamin synthesis in the intestine. 
No allergic reactions, either. Filmtab 


ErYTHROCIN Stearate (100 and 
250 mg.), bottles of 25 and 100. Obbott 


filmta 
(Erythromycin, Abbott) 


Erythr 


» Filmtab—film-sealed tablets; pat. applied for 


STEARATE 


The Importance of 


Rescinnamine in 


The Original Alseroxylon Fraction of India-Grown Rauwolfia Serpentina, Benth. 


The isolation of rescinnamine,' another potent alkaloid in Rauwolfia 
serpentina, has substantiated two important points: 


A—lIt discredits the erroneous opinion that reserpine is the sole 
active principle of Rauwolfia;? 


B—It helps to define the advantages of Rauwiloid, the alseroxy- 
lon fraction of Rauwolfia serpentina, which presents desirable 
alkaloids® of the Rauwolfia plant (among them reserpine and 
rescinnamine) but is freed from undesirable alkaloids and the 
dross of the crude root. 


Pharmacologic and clinical evaluation has shown rescinnamine to 
be similar to reserpine in antihypertensive activity, but to be con- 
siderably less sedative and much less apt to lead to lethargy and 
mental depression.* ® 


The interaction of reserpine, rescinnamine, and 

other contained alkaloids may well account for 

the balanced and desirable clinical behavior of 
F.: Rauwiloid. 


Cawthorne, The dosage of Rauwiloid is simple and defi- 
Brow, J.: Pharmacy aloid nite: Merely two 2 mg. tablets at bedtime. 


New Al 
2 For maintenance, one tablet usually suffices. 


Alkaloids of Rauwolfia Serpentina Benth. Lil. 
Rescinnamine, a sive and Seda- 
tive principle, J. _ 
3. Cronheim, G. 
Toekes, M.t., an 
Studies with Rescinnamip 
Isolated from Rauwolfia Serpen 
Exper. Biol. & Med. 86.120 (Ma 
3. Gourzis, Sonnenschein, and Bar- 
den, R-: Alterations in Cardiovascular Re- 
—— sponses of the Do€ Followiné Rauwiloid, an Al- 
,aloidal Extract of Rauwolfia Gerpentina, proc. 
Soc. Exper: Biol. & Med. 85:463 (Mar.) 1954. 
| A. Hershberger: R.; Hughes, w., and Dennis, 
«Cj Clinical Results in the Treatment of Hyper 
| tension with Rescinnamine, Clin. Kes- proc. 
(Feb.) 1955- 
| Smirk, F.H., and McQueen, E.G.: Compat! | ‘ih 
of Rescinnamine and Reserpine as Hype | 
tensive Agents, Lancet 2:1%5 (July 16) 1955. 
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the first thought for pain relief 
Prescribe 1/20 gr. DILAUDID HCI Tablets or Ampules for Prompt Relief of Pain 


Pain relief without hypnosis 
Smooth, quick action 

Minimum of side effects 

An opiate, may be habit forming 


*Dilaudid is subject to Federal narcotic regulations. 
Diloudid®, brand of Dihydromorphinone, o product of E. Bilhuber, Inc. 


BILHUBER-KNOLL CORD. distributor 


Back Jssucs Wanted 


(MUST BE IN GOOD CONDITION) 
THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


January 1948 May 1955 
March 1948 August 1955 
July 1948 September 1955 

February 1953 October 1955 


Send to 


The American Journal of Medicine, Inc. 
49 West 45th Street New York 36, N. Y. 
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NOW...CORTICOID THERAPY OF SEVERE ASTHMA ‘s 


CAN BE MADE SAFER 


BY CONCURRENT THERAPY WITH Cardalin ° | 


(protected aminophylline) 


Cardalin increases vital capacity...makes it possible to reduce 


dosage of corticoids and thus avoid risk of side effects 


instead these 
of benefits with 


these risks... Cardalin+Corticoids 


® activation and perforation 
of gastric ulcers @ safer control of asthma 


@ water and salt retention @ quicker remissions 


@ nervous tension and @ fewer side effects 
@ faster discontinuance 


of corticoids 


provides a full therapeutic dose of contains: 


tric irritation. Ethyl aminobenzoate 0.5 gr. 


For Rx economy, prescribe Cardalin 
TO SERVE YOUR PATIENTS TODAY— in 50's. 
Cail your pharmacist for any additional 
information you may need to help you Also available—Cardalin-Phen, con- 
prescribe Cardalin. He has been espe- taining Cardalin plus % gr. pheno- 
cially alerted. barbital. 


IRWIN, NEISLER & COMPANY 
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py as good as it tastes! 


TETRABON 


BRAND OF TETRACYCLINE 


125 mg. per 5 cc. 
teaspoonful. Bottles of 2 fi. oz. 
and 1 pint, packaged ready to 
use (no reconstitution required). 
READILY ACCEPTED delightfully 
different fruit flavor... 
RAPIDLY ABSORBED fine particle 
dispersion—therapeutic blood 


levels within one hour... 


QUICKLY EFFECTIVE well-tolerated 


tetracyeline for prompt control 
of a wide — 
*Trademark 
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To counteract 
corticoid-induced adrenal atro- 


VP 


phy during corticoid therapy, 
routine support of the adrenals 
with ACTH is recommended, 


THIS IS THE 
PROTECTIVE DOSAGE RECOMMENDATION 
FOR COMBINED CORTICOID-ACTH THERAPY 


@ When using prednisone or prednisolone: 
for every 100 mg. given, inject approx- 
imately 100 to 120 units of HP* 
ACTHAR Gel. 


@ When using hydrocortisone: 
for every 200 to 300 mg. given, inject 
approximately 100 units of HP* 
ACTHAR Gel. 


@ When using cortisone: 
for every 400 mg. given, inject approx- 
imately 100 units of HP*ACTHAR Gel, 


Discontinue administration of corticoids on 
the day of the HP*ACTHAR Gel injection, 


(IN GELATIN) 


The Armour Laboratories brand of purified 
adrenocorticotropic hormone—corticotropin (ACTH) 


*Highly Purified . 


Unsurpassed in Safety and Efficacy 


More than 42,000,000 doses of 
ACTH have been given 


THE ARMOUR LABORATORIES 


A DIVIS!ON OF ARMOUR AND COMPANY 
KANKAKEE. ILLINOIS 


VITAMINS LEOERLE 
| 


COMPLEX 


Separate packaging of dry vitamins 
and diluent (mixed immediately be- 
fore injection) assures the patient a 
more effective dose. May also be 
added to standard IV solutions, 


Dosage: 2 cc. daily. 


Each 2 cc. dose contains: 
Thiamine HC! (B,) 10 meg. 


i? Riboflavin (B,) 10 meg. 
Niacinamide 50 mg 
Pyridoxine HCI (B,) 5 meg. 
; Sodium Pantothenate 10 mg. 
Ascorbic Acid (C) 300mg. 
Vitamin B,, 15 mcgm. 
) Folic Acid 3 meg. 


LEDERLE LABORATORIES DIVISION 


AMERICAN Ganamid COMPANY 
PEARL RIVER, NEW YORK 


PREG. U.S. PAT. OFF, 
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most convenient 


VARICK Pharmacal Company, Inc 


Fouvera Co Ine. 
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Ulysses between Scylia and Charybdis —Bettmann Archive 


between the hazards of high steroid dosage 
and the frustration of inadequate relief 


Because of the complementary action of cortisone and the 
salicylates, Salcort produces a greater therapeutic response 
. with lower dosage. Side effects are not encountered, and no 
3 withdrawal problems have been reported. 

One study concludes: “Salicylate potentiates the greatly 
reduced amount of cortisone present so that its full effect is 
brought out without evoking undesirable side reactions.””! 


CORT 


; indications: each tablet contains: 
Rheumatoid arthritis . . . Cortisone acetate. . . . 2.5 mg. 
Rheumatoid spondylitis . . . Sodium salicylate. . . . 0.3 Gm, 
| Aluminum hydroxide gel, 
Rheumatic fever . . . Bursitis dried 012Gm 
... Still's Disease . . . Neuro- Calcium ascorbate. . . . 60.0 mg. 
muscular affections (equivalent to 50 mg. ascorbic acid) 
Calcium carbonate ... 60.0 mg. 
FE ‘Busse, E.A.: Treatment of Rheumatoid Arthritis by a Combination of Cortisone 
: and Salicylates. Clinical Med. 11:110 
Pc 2,691,662 
The S. E. MASSENGILL COMPANY, Bristol, Tennessee - New York « Kansas City » San Francisco ’ 
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THE ARMOUR LABOR 
A DIVISION OF ARMOUR Atti 


TRI-SYNAR 


provides optimal 
spasmolysis 


TRI-SYNAR 


PLUS 


adds relaxation of menta/ 


tension to 
optimal spasmolysis— 


... especially in the control 


of primary dysmenorrhea and 
gastrointestinal spasm— 


Tri-Synar Plus provides a triple attack— 
musculotropic, anticholinergic and anti- 
histaminic—against smooth muscle spasm, 
plus the relaxation of mental tension and 
smooth muscle produced by the barbiturate 
components. 


Each Tri-Synar Plus tablet contains: 


Powdered Extract of Belladonna* 4.1 mg. 


Phenyltoloxamine Dihydrogen 
20.0 mg. 


Ethaverine Hydrochloride 12.5 mg. 
Secobarbital Sodium .......... 6.075 mg. 
Pentobarbital Sodium ......... 6.075 mg. 
Butabarbital Sodium .......... 2.025 mg. 
ssw 2.025 mg. 


*The amount of belladonna is equivalent to 2.5 minims of 
tincture of belladonna, U.S.P. 


in bottles of 100 tablets 


ATORIES 


65th YEAR OF PUBLICATION 


The Leading Independent Surgical Journal 


PRESENTS THE PAPERS OF ... 
The American Association 
for the Surgery of Trauma 


The American Proctologic Society 


The Pacific Coast Surgical Association 


The American Society of Maxillofacial Surgeons 


OTHER REGULAR FEATURES .. . 


Modern Operative Technics 
Practical Surgical Suggestions 


START YOUR SUBSCRIPTION WITH THIS ISSUE 


The American Journal of Surgery 
49 West 45th St., New York 36, N. Y. 
Please enter my subscription to The American 
Journal of Surgery. Yearly $15.00 U.S.A.— 
$16.00 Canada—$17 Foreign 
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in 
Urinary- 
Tract 


infections 


SUSPENSIO TABLETS 


ULFOSE 


Triple Sulfonamides 
(Sulfadiazine, Sulfamerazine, Sulfamethazine) 


more 
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Each capsule contains: 


why 
PRONEMIA 


is the 


Vitamin By» with Intrinsic 
Factor Concentrate 
1 U.S.P. Oral Unit 


Vitamin By» (additional) 
15 mcgm. 


Powdered Stomach 
200 meg. 


Ferrous Sulfate Exsiccated 
400 mg. 


Ascorbic Acid (C) 
150 mg. 


Folic Acid 
4 mg. 


of all 


oral 


hematinics ! 


Hematinic Lederle 


Compare this formula with that of any other hematinic, and you will 
find that PRONEMIA is clearly, measurably more potent. Every known 
hemopoietic is included, and each one is present in generous 
quantity. You can confidently prescribe PRONEMIA for all treatable 
anemias, including maintenance of pernicious anemia patients. 
Dosage: just one capsule daily! 


‘filled sealed capsules 

(a Lederle exclusive!) for more 

; rapid and complete absorption. 

| LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK a> 


- 
REG. U.S. PAT. OFF. 
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recognized 


oer 


established 


substantiated 


(phenylbutazone GEIGyY) 


potent, specific 
anti-arthritic 


Based on an impressive background of achievement attained 


over a period of four years involving both long-term and 
short-term therapy in all the major forms of arthritis, 
BUTAZOLIDIN is recognized as one of the most effective 
anti-arthritic agents currently available. 


improves function 
resolves inflammation 


7 
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CAPSULE 


In the treatment of all common anemias. 


NOW —— © more Ferrous Sulfate 


more Folic Acid 


more Vitamin C 


ALSO ADDED:  .—.—. | of Vitamin Bi: with intrinsic 
factor concentrate 


THIS IMPROVED FORMULA CONFORMS TO THE 
MOST MODERN CONCEPT IN HEMATINIC THERAPY 


‘‘Bemotinic’’ Capsules Supplied 

No. 340—Bottles of 100 and 1,000. 
Each capsule contains: Also available: “‘Bemotinic’’ Liquid No. 940— 
Ferrous sulfate exsic. (41% gr.) ..... 300 mg. Bottles of 16 fluidounces and 1 gallon. 
Vitamin Biz with intrinsic Dosages — Capsules 


In microcytic hypochromic anemia: 1 or 2 


factor concentrate U.S.P. .. 4% U.S.P. Unit 
. capsules daily (preferably before or after 


Vitamin C (ascorbic acid) ........ 100 mg. meals), or as directed. 
n rocytic hy : hi 
dosage levels necessary particularly in initial 
Thiamine mononitrate (Bi) ........ 10 mg. Stages of therapy. 


Ayerst Laboratories * New York, N. Y. * Montreal, Canada 
$662 


Vacations are fun—diarrhea isn't 


SULFASUXIDINE® SUSPENSION WITH PECTIN AND KAOLIN 


When diarrhea threatens patients’ vacation fun, prescribe 
CREMOSUXIDINE. This dependabie antidiarrhea! has pro- 
nounced antibacterial action. Adsorbs and detoxifies intestinal! 
irritants. Chocolate-mint flavored suspension can be added to 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO..INC.. PHILADELPHIA 1. PA. 


infant formulas or milk. 


For the | Sele ambulant asthmatic: 
the only tablet ye that relieves 


asthma with nebulizer speed 


for 4 full hours bd bd bd bd 


First, hold tablet under tongue 5 minutes for quick bronchodilation 


from sublingual aludrine. 

Then, swallow Nepuenawin tablet for 4-hour asthma relief with 
theophylline-ephedrine-phenobarbital. 

Dose: | tablet as needed (up to 5 a day). Bottles of 20 and 100, 
Tuos. Leemine & Co., Inc., New York 17, N. Y. 


Nephenalin Nephenalin 


( for adults) PEDIATRIC 
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THE 


MOST 


EFFECTIVE 


HEMATINIC...”* | 


The convincing evidence supporting the unique 
and advanced concept of cobalt-iron therapy in 
anemia is based on RONCOVITE research. 

Roncovite is the only clinically proved prepara- 
tion supplying cobalt in the therapeutic levels 
essential for the optimal hematologic response in 
anemia. [The presence of cobalt as a specific bone 
marrow stimulant improves the utilization of iron 
and makes Roncovite totally different from any 
other hematinic preparation. 

The safety and potency of Roncovite has been 
repeatedly confirmed. 

Your own results will show why “The bibliog- 
raphy specifies RONCOVITE.” 


| 
‘ 


BIBLIOGRAPHY SPECIFIES 


—THE ORIGINAL CLINICALLY PROVED COBALT-IRON PRODUCT— 


Holly, R.G.: Anemia in Pregnancy, Obst. & Gynec. 5:562 (April) 1955. 
Hill, J.M., et al.: Cobalt Therapy in Anemia, Texas J. Med. 51:686 (Oct.) 1955. 


Rohn, R.J.; Bond, W.H., and Klotz, L.J.: The Effect of Cobalt-lron Therapy in Iron-Defi- 
ciency Anemia in Infants, J. Indiana M.A. 46: 1253 (1953). 


Holly, R.G.: Anemia in Pregnancy, Paper delivered before Amer. Congress of Obstetrics 
and Gynecology (Dec.) 1954. 


%* Holly, R.G.: The Value of Iron Therapy in Pregnancy, Journal Lancet 74:211 (June) 1954. 


Quilligan, J.J., Jr.: Effect of a Cobalt-lron Mixture on the Anemia of Prematurity, Texas 
J. Med. 50: 294 (May) 1954. 


Hamilton, H.G.: The Use of Cobalt and Iron in the Prevention of Anemia of Pregnancy. 
Paper delivered before the South. Med. Assn. 


Rohn, R.J., and Bond, W.H.: Observations on Some Hematological Effects of Cobalt-iron 
Mixtures, Journal Lancet 73:317 (Aug.) 1953. 


Holly, R.G.: Studies on Iron and Cobalt Metabolism, J.A.M.A. 158: 1349 (Aug.13) 1955. 


Jaimet, C.H., and Thode, H.G.: Thyroid Function Studies on Children Receiving Cobalt 
Therapy, J.A.M.A. 158:1353 (Aug. 13) 1955. 


Klinck, G.H.: Thyroid Hyperplasia in Young Children, J.A.M.A. 158:1347 (Aug. 13) 1955. 


Tevetogiu, F.: The Treatment of Common Anemias in Infancy and Childhood with a 
Cobalt-lron Mixture, J. Pediat. 49:46 (July) 1956. 


Ausman, D.C.: Cobalt-!ron Therapy in the Treatment of Some Common Anemias Seen 
in General Practice, in press. 
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a 


new formula 


4 


tablet daily 


of pregnancy 


Each Engran Tablet supplies: 


Vitamin A 5,000 U.S.P. Units 
Vitamin D 500 U.S.P. Units 
Vitamin K (as menadione) 0.5 mg. 
Thiamine mononitrate 3 meg. 
Riboflavin 3 meg. 
Pyridoxine HCl 2 mg. 
Vitamin Bi. activity concentrate 2 mcg. 
Folic acid 0.25 mg. 
Niacinamide 20 meg. 
Calcium pantothenate 5 meg. 
Ascorbic acid 75 me. 
Caicium, elemental 150 mg. 
(as calcium carbonate 375 mg.) 
Iron, elemental 10 mg. 
(as ferrous sulfate exsiccated 33.6 mg.) 
lodine, elemental 0.15 mg. 
(as potassium iodide 0.2 mg.) 
Potassium (as the sulfate) 5 mg. 
Copper (as the sulfate) 1 meg. 
Magnesium (as the oxide) 6 meg. 
Manganese (as the sulfate) 1 meg. 
Zinc (as the sulfate) 1.5 mg. 


supplied in bottles of 100 and 1000 
capsule-shaped tablets 


SQUIBB VITAMIN-MINERAL SUPPLEMENT 


*encran’® ts A SQUIBB TRAOCMARK 


helps meet the increased 
nutritional requirements 


new small size 
capsule-shaped tablet 
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Published exclusively to help you 


meet the DI ETARY 
PROBLEMS 


of your patients because— 


the [OTAL CARE of 
every patient includes NUTRITION 


Responsibility for management of the dietary ss) 
problems of your patients rests upon you 
regardless of your specialty in medicine or 
surgery. THE AMERICAN JOURNAL OF CLINICAL 
NUTRITION is the only journal of its kind 
published exclusively in the interests of helping 


fer practical the family physician or specialist include nu- 
epplication of trition as part of the ToTAL Care of his patient. 
NEW edvences in In this important journal—written authori- 
nutrition by tatively—are data presented from the prac- 
* OBSTETRICIAN tical aspect of helping you meet the nutritional 
* PEDIATRICIAN needs of your patient under medical or surgical 
* INTERNIST treatment. Keep yourself informed of the new 
* SURGEON advances in clinical nutrition by sending 
* GERIATRICIAN your subscription now for this practical and 
* BAMILY PHYSICIAN permanently useful journal. 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
Editor-in-Chief 


5. O. WAIFE, M.D, FAC? ASSOCIATE IN MEDICINE, INDIANA UNIV. MED. SCHOOL 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
49 W. 45th Street, New York 36, N. Y. 


Gentlemen: Kindly enter my subscription for 6 issues (one year) of 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION AT $8.00* 


enclose remittance Please bill me 
Name 
Address. 


City Zone State 
*Conada, Central ond South America $8.50 other foreign $9.00 


SUBSCRIBE 
NOW! 
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Obedrin contains: 

e Methamphetamine for its anorexigenic and mood- 
lifting effects. 

e Pentobarbital as a balancing agent, to guard against 
excitation. 

e Vitamins B, and B, plus niacin to supplement the diet. 


e Ascorbic acid to aid in the mobilization of tissue 
fluids. 


Since Obedrin contains no artificial bulk, the hazards 
of impaction are avoided. The 60-10-70 Basic Plan 
provides for a balanced food intake, with sufficient 
protein and roughage. | 


and the 60-10-70 Basic Pian 


In the development of good eating 
habits, medication is important, 

not only in initiating control, but also 
in maintaining normal weight.'?* 


Semoxydrine HCl (Metham- 
phetamine HCl) 5 mg.; Pen- 
tobarbital 20 mg.; Ascorbic 
acid 100 mg.; Thiamine HCl 
0.5 mg.; Riboflavin 1 mg.: 
Niacin 5 mg. 


1. Eisfelder, H.W.: Am. Pract. 
& Dig. Treat., 5:778 (Oct.) 
1954). 
152:42 (May, 1953). 

3. Sherman, R.J.: Medical 
Times, 82:107 (Feb., 1954). 


Write for THE MASSENGILL COMPANY 


60-10-70 Menu pads, weight charts, 
and samples of Obedrin. 


BRISTOL, TENNESSEE 
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